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CLAIMS: 

1. A diagnostic, therapeutic or radiotherapeutic or chemotherapeutic otSmposition for 
visualization, therapy, chemotherapy or radiotherapy of tissues or organs ^at overexpress 
folate-binding protein comprising: 

a) a folate-receptor binding Ugand comprising one or more ftSlate-receptor 
binding residues, at least one of which is conjugated thrdugh its alpha 
carboxylate via an optional linking group to one or more macrocyclic or non- 
macrocyclic metal-chelating ligand radicals that are optionally chelated to 
paramagnetic, superparamagnetic, radioactive or non-radioactive metals 
capable of either being detected outside the body by imaging means for 
diagnosis or capable of providing a therapeutic, chemotherapeutic, or 
radiotherapeutic effect; and 

b) a pharmaceutically acceptable carrier. 



2, The diagnostic, therapeutic or radiotherapeutic composition of claim 1 wherein said 
folate receptor binding ligand has the structure of formula II: 



o CO 



5i ■'ml 



II 

wherein Ro is a folate-receptor bindin^esidue of formula: 



or 



-^..A..^ CH 



X)' 



N N 



each X is independe/tly -0-, -S-, -NH-, or -NRi-; 
nl is 0 or 1; 
bl is 1 to 3; 
ml is 1 to 81; 
each Ki is indetJendently 

a) a macrocyclic or non-macrocyclic metal-chelating ligand radical 
that is Optionally chelated to a paramagnetic, superparamagnetic, 
radioac^ve or non-radioactive metal Mi, 

or 

b) a chemotherapeutic drug; 
-K2 is -H, -alkyl, -alkenyl, -alkynyl, -alkoxy, -aryl, -alkyl, 
-CON(^2)2, -glutamate, -polyglutamate, or -K3; 
-Kaisy 
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(A)„ 




crocyclic metal-chelating ligand that is 
agnetic, superparamagnetic, radioactive 

or 



wherein 
-K5 is either 

a) a macrocyclic or non-r 
optionally chelated to a 
or non-radioactive metal '. 

b) a chemotherapeutic dr 
n5 isOor 1; 
b5 is 1 to 3; 
m5 is 1 to 81; 

-(A)p- and -(A)p*- are eacli independently optional linkers comprising a 
straight or branched chain wherein the moieties "A" are the same or 
different and selected from the group consisting of: -CH2-, -CHR3-, 
-CR4R5- -CH=CH- /-CH=CR6-, >CR7-CR8<, -C=C-, -CR9=CRio-, - 
C=C-, -cycloalkylidene-, -cycloalkenyl-, -arylidene-, -heterocyclo-, 
carbonyl (-CO-), -o/, -S-, -NH-, -HC=N-, -CR, i=N-, -NR12- , 

I V /V 
CS- "T" /""^ and 

p and p* are independently 0 to 24, 
or -X-[(A)]p- and -X-[(Ap]*- may each independently be the group -Q- 

wh^in is -[C(R')(R")],r[C(t)(R2i)]s2"[C(R22)(R23)]s3-X3-Y- 

X4-; 
wherein 

I, s2, s3, and s4 is independently 0 to 2; 
eaclVA^, X4, X5, and X6 is independently a single bond, -0-, -S-, 
or^(^)-; 

is a single bond, -C(R25)(R26)-. or Yl wherein, 
Yl is -C(=X5)-X6-W-, wherein 
W is af single bond, -alkyUdene-, -cycloalkylidene-, -arylidene-, - 
alkec/ylidene-, or -alkynylidene-, whose carbon atoms may or may not 
be ^bstituted; 

H, R27, -C(0)OR28, -P(0)(OR29))OH, -P(O)(OR30))OR3 1 . - 
P(0)(OR32)R33. -P(0)(OH)R34 -C(0)N(R35)(R36), or 
C(0)NH(R37); 

each R' and R" is independently a single bond, H, alkyl, alkoxy, cycloalkyl, 

hydroxyalbyl, aryl, or heterocyclo, each of which is optionally substituted, 
each R3 through R5, R7, Rg, R21 through R23, and R25 through R27 is independently H, 
alkyl, alkbxy, halogen, hydroxy, cycloalkyl, hydroxyalkyl, aryl, or heterocyclo, each 
of whicn is optionally substituted; 
each Ri, r/, R6, R9 through Rn, R24, and R28 through R37 is independently H, alkyl. 
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alkenyl, cycloalkyl, aryl, a 5- or 6-membered/nitrogen or oxygen containing 
heterocycle; 
or a pharmaceutically acceptable salt thereof. 

5 3. The composition of claim 2 for use in nuaear medicine or magnetic resonance 
imaging applications wherein Ki of the compounds of formula EI is a macrocyclic or non- 
macrocyclic metal-chelating ligand that is optionally chelated to a paramagnetic, 
superparamagnetic, radioactive or non-radioactive metal Mi, and K2 is other than Ki 

10 4. The diagnostic, therapeutic, or radiotheyapeutic composition of claim 2 wherein said 
folate-receptor binding ligand has the structut 




-CON 



^C0,H 



HO,C- 



'V_J 



C0,H 



-C0,H 



5. The diagnostic, therapeutic/ or radiotherapeutic composition of claim 2 wherein said 
1 5 folate-receptor binding ligj^iahay structure: 



■CGI 



CO,H 



-M M— ^ 



"ooc- 



N N' 



-coo' 



-coo* 



6. The diagnostic/therapeutic, or radiotherapeutic composition of claim 2 wherein said 
folate-receptor binding ligand, 12-N-(N-Pteroyl-(a)-L-glutamyl)-3,3,9,9-tetramethyl-5-oxa- 
20 4,8-diaza-2,10-dode(/anedione dioxime has the structure: 



HN. 



I I H 
OH OH 



HOOC Q 



7. The /Diagnostic, therapeutic, or radiotherapeutic composition of claim 2 wherein said 
folate-rec^tor binding ligand, Technetium oxo-12-N-(N-Pteroyl-(a)-L-glutamyl)-3,3,9,9- 
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tetramethyl-5-oxa-4,8-diaza-2,10-dodecanedione dioximeyhas the structure: 



HOOC 



N N N 



I 



I 




NH NH 



N 

I 

OH 



Ilia 

wherein 

Q is the group -(C(RR))w 
wherein 

and are i: 
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N N NH, 



H 



The composition of claim 2 wherein 
bl = 1 to 3; 
ml = 1; 

K2 is other than K3; and 

Ki is a metal chelating ligand radical of formula Ilia - IIIc: 



R' 



N 



R 



IIIc 



(C(RR))m2<Y'iC(RR))m3)n-, 



ependently -CH2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
n is 0 or 1; and/ml, m2 and m3 are integers independently selected from 0 to 4, 
provided ttjat the sum of ml and m2 is greater than zero; 



all R and R* groups 

-alkyl-COOI 



N(R')2, 



independently -R^ -CI, -F^ -Br, -OR^ -C00R\ -C0N(R^)2, - 
, -alkyl-C(0)-N(R2)2; -alkyl-N(R^)2; -C(0)- OR^ -C(0)-N(R2)2; 



-aryl-N(R )2; acyl;/acyloxy; heterocyclo; hydroxyalkyl; -SO2-R ; -alkyl-S02-R ; or - 

R^, wherein -R^ is/a folate-receptor binding residue of formula IV; or 
two R groups, or an Rf group and an R* group, taken together with the one or more atoms to 

which they are ponded, form a saturated or unsaturated, spiro or fused, carbocyclic 

(such as fused/ 1,2-phenyl) or heterocyclic ring which may be unsubstituted or 

substituted by one or more groups R or R* groups above, 
with the proviso that a carbon atom bearing an R group is not directly bonded to more than 

one heteroatom; and that one to three of R or R* is, or contains a folate-receptor 

binding radical -R^ of formula IV: 



94 



# 



Attorn 



ket No. RA-70 Div n 




wherein Ro is a folate-receptor binding resicyue of formula: 

NK 



or 



N N 



H,N N N 



each X is independently -0-, -S-, -NH- or -N(R2)/; 

K2 is -H, -alkyl, -alkenyl, -alkynyl, -alko;^, -aryl, -alkyl, -CON(R2)2, -glutamate, or 
-polyglutamate; 

-(A)p- is an optional linker comprising/ a straight or branched chain wherein the 
moieties "A" are the same or different and selected from the group consisting 
of: -CH2-, -CHR3-, -CR4W5", -CH=CH-, -CH=CR6-, >CR7-CR8<, 
>C=C<, -CR9=CRio-, -C^C- -cycloalkylidene-, -cycloalkenyl-, -arylidene-, - 
heterocyclo-, carbonyl (-CO-), /o-, -S-, -NH-, -HC=N-, -CRi i=N-, -NR12- 



9. 



_c- — <j:— >AN- 



and 



-cs- r 

p and p* are independently 0 1^ 
R* is hydrogen, a thiol protecting group, or the group -R"^ defined above; 
R2 is independently hydrogen, alkyl, aycloalkyl, hydroxyalkyl, aryl, or arylalkyl; 
R3 through Rg are independently hvdrogen, alkyl, alkoxy, hydroxy, or aryl; 
R^ and R9 through R12 are independently hydrogen, alkyl, or aryl; 
or a pharmaceutically acceptable salt mereof. 

The composition of claim 2 wherein 
bl = 1 to 3; 
ml = l; 

K2 is other than K3; and 

Ki is a metal chelating ligand jfadical of formula V: 



NH HN 



R- 
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wherein 

Q is the group -(C(RR))^i-(Y^)„ -(C(RR));„2 -(Y2-(C(RR))J3)ni ; 

Y' and Y^ are each independenUy -CH2-, -NR-. -0-, -S-, ^O-, -SO2- or -Se-; 

n and nl are each independently 0 or 1; and ml, ni2 ano ni3 are independently 0 or an 
integer from 1 to 4; provided that ml and m2 are not both 0, that ml + m2 -f n +nl 
is less than 6 and that a carbon atom bearing an 1^ group is not directly bonded to 
more than one heteroatom; 

each R and R* group is independently: R\ -alWxy, -hydroxy, -halogen, especially 
fluoro, -haloalkyl, -0R\ -C(0)-R^ . -C(0)-N(Br)2,'-N(R^) 2, -N(R^)-C0R\ -alkyl- 
C(0)-0R\ -alkyl-C(0)-N(R^)2, -alkyl-N(R*)2/. -alkyl-N(R')-COR\ -aryl-C(0)-OR\ 
-aryl-C(0)-N(R')2, aryl-N(R*)2-. -aryl-N(Ij^)-COR\ -nitrile -acyl, -acyloxy, - 
heterocyclo, -hydroxyalkyl, alkoxyalkyl, hydtoxyaryl, arylalkyl, -S02-R\ -alkyl-S02- 
R\ or -R^, wherein -R^ is a folate-receptor binding residue of formula IV; or 

two R groups, or an R group and an R* group, taken together with the one or more 
atoms to which they are bonded, form a saturated or unsaturated, spiro or fused, 
carbocyclic (such as fused 1,2-pherwl) or heterocyclic ring which may be 
unsubstituted or substituted by one or more groups R or R* groups above; 

each R^ is independently hydrogen, alkyl,yalkenyl, alkynyl or aryl; and 

each and is each independently -Crfl or -(NR^)2; 

with the proviso that at least one of p^r G^ is -(NR^)2, where each R^ is independently 
hydrogen, alkyl, aryl, acyl or -F 



and one to three of R , R*, or R is)\^r/ 
formula IV: 



antains a folate-receptor binding radical -R of 



CO X— 

/ 

-CH 
OH, 

CO Xj— 

IV 



(A), 



wherein Ro is a folatje-receptor binding residue of formula: 

o r^^-- NH, f^- 

XX J h/ ...,X.XJ ch. 



H,N N 



H,N N 



each X is indenendently -0-, -S-, -NH- or -N(R2)-; 

K2 is -H, -alkyl, -alkenyl, -alkynyl, -alkoxy, -aryl, -alkyl, -CON(R2)2, -glutamate, 

or -polyglutamate; wherein R2 is independently hydrogen, alkyl, or aryl; 
A is a linkipg group as defined in claim 1; and p is 0 to 24; 
or a salt thereof. 
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10. The composition of claim 2 wherein 
bi is 1; 
ml = 1; 

-K2 is other than -K3; 
-X-[(A)p]- is, in its entirety, the gro6p -Q- as defined below; 
-Ki is a macrocyclic ligand radical/of formula VI: 

/(CR*R"),-G 



G-(R"R'C)- 




'16 



VI 



wherein 
n is 0 or 1 ; 

each m, o, and p is independently 1 or 2; 

-Q. is -[C(R')(R")],i-[C(t)(Rj)]s2--IC(R22)(R23)]s3-X3-Y-X4-; wherein 
si, s2, s3, and s4 are independently 0 to 2; 

X3, X4, XS/ and X6 are independently a single bond, -0-, -S-, or - 

N(R24)-; 

Y is a single bonfl, -C(R25)(R26)-. or Yl, 
brein 

. Yri/-C(=X5)-X6-W-, wherein 
W is a single bond, -alkyliofene-Nq -arylidene-, -alkenylidene-, or - 

alkynylidene-, whose car]ron atoms may or may not be substituted; 

t is nAjsj. -C(0)OR28, -P(0)(OR29))OH, -P(O)(OR30))OR3l, 
-P(0)/0R32)R33. -P(0)(OH)R34 -C(0)N(R35)(R36), or C(0)NH(R37); 
each G is independently -C(0)OR"\ -P(0)(OR'")OH, -P(0)(0R'")2, 
-P(0)(OR"')R", -P(0)(OH)R" C(0)N(R'")2, or C(0)NH(R'"); 
each R' and RV is independently a single bond, H, alkyl, alkoxy, cycloalkyl, 

hydroxyalkyl/ aryl, or heterocyclo, each of which is optionally substituted, 
each R'" is independently a H, alkyl, cycloalkyl, hydroxyalkyl, aryl, or heterocyclo, 

each of which is optionally substituted, 
each Ri3 througn R23, and R25 through R27 is independently H, alkyl, alkoxy, halogen, 
hydroxy, cycloalkyl, hydroxyalkyl, aryl, or heterocyclo, each of which is optionally 
substitutec 

each R24, ancyR28 through R37 is independently H, alkyl, alkenyl, cycloalkyl, aryl, a 5- 
or 6-mepbered nitrogen or oxygen containing heterocycle, each of which is 
optionally substituted; 
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or Ri3 together with R15, and R17 together with Rig, independently form, together with 
the carbon atoms in the polyazamacrocycle to which Ahey are attached, a fused fully or 
partially saturated non-aromatic cyclohexyl ring Avhich may be unsubstituted or 
substituted by one or more halogen, alkyl, ether, hyoroxy, or hydroxyalkyl groups, and 
which may be further fiised to a carbocyclic ring/or R13 and R15 are each hydrogen 
and Ri7, together with Rig, forms a fused fuMy or partially saturated non-aromatic 
cyclohexyl ring as defined above, or R13, together with R15, forms a fused fully or 
partially saturated non-aromatic cyclohexyl ring as defined above, and R17 and Rig are 
hydrogen; 

or a pharmaceutically acceptable salt thereof. 



11. 



The composition of claim 2 wherein 
-K2 is 



and both -Ki and -K5 are macrc 
each optionally chelateflN^to/ 
superparamagnetic metals\li 



12. The composition of claim 11/ 
imaging applications comprising 



wherein 

bl andb5= 1; 
ml and m5 = 1; 
Ml and M5 are i 
nl and n2 are i 
X is -O 




yclic or non-macrocyclic metal chelates that are 
radioactive, nonradioactive, paramagnetic or 



r ose in nuclear medicine or magnetic resonance 
blate-receptor binding ligand of formula Ila: 



m5 



(Ms), 



5/n5 



iependently paramagnetic, superparamagnetic or radioactive metals; 
lependently = 0 or 1; 



-R"^ is -hydrogfbn, -alkyl, -cycloalkyl, -hydroxyalkyl, -aryl, or -arylalkyl; 
-[(A)p]- and y[(A)p*]- are optional linking groups; 
Ro is a folate-receptor binding residue of formula: 
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and Ki and K5 are metal chelating ligand radicals. 



13. The composition of claim 11 wherein said fc^ate receptor binding ligand has the 
5 structure: 




14. The composition of claim 11 cc)mprising the folate receptor binding ligand Bis (Gd- 
1 0 D03 A- APA)-folate having the sldj^re: 



[ Gd^ J 

^ ' > — nn 



O 

>U'<. 



15. The composition of claim 11 wherein both -X-[(A)p]-Ki and -X-[(A)p*]-K5 are 
15 each in their entirety, macrocyclic ligand radicals of formula VI: 



99 




"14 A^16 
VI / 

wherein / 
n is 0 or 1 ; / 
each m, o, and p is independently 1 or 2; 
Q is -[C(R')(R'0],r[C(t)(R2i)]s2--[OT^^ 
wherein / 
si, s2, s3, and s4 are independently 0 to 2; / 

X3, X4, X5, and X6 are independently a single bond, -0-, -S-, or -N(R24)-; 
Y is a single bond, -C(R25)(R26)-, or Yl; j 

wherein / 

Yl is -C(q«5)-X6-W-, wherein 
W is a single bonfd, -alkylidene-, -cycloalkylidene-, -arylidene-, - 
alkenylidSls/, or -^kynylidene-, whose carbon atoms may or may 
not be sutosmmra^ 
t is -H, -R27, -C(0)Or¥^^ -P(0)(OR30))OR31, 
-P(0)(OR32)R33, -P(0)PH)R^4 -C(0)N(R35)(R36), or C(0)NH(R37); 
each G is independently -C(0)QR'")^P(0)(OR''')OH, -P(0)(0R'")2, -P(0)(OR"')R", - 
P(0)(OH)R" C(0)N(R'")2. or c/(0)NH(R"'); 

each R' and R" is independently a single bond, H, alkyl, alkoxy, cycloalkyl, 

hydroxyalkyl, aryl, orheterocyclo, each of which is optionally substituted, 
each R'" is independenwy a H, alkyl, cycloalkyl, hydroxyalkyl, aryl, or heterocyclo, 

each of which is opuonally substituted, 
each Ri3 through R23, ^nd R25 through R27 is independently H, alkyl, alkoxy, halogen, 
hydroxy, cycloalkyl, hydroxyalkyl, aryl, or heterocyclo, each of which is optionally 
substituted; / 

each R24, and R28 ttirough R37 is independently H, alkyl, alkenyl, cycloalkyl, aryl, a 5- 
or 6-memberea nitrogen or oxygen containing heterocycle, each of which is 
optionally substituted; 

or Ri3 together with R15, and R17 together with Rig, independently form, together with 
the carbon atorns in the poly-aza macrocycle to which they are attached, a fused fully or 
partially saturated non-aromatic cyclohexyl ring which may be unsubstituted or 
substituted by/one or more halogen, alkyl, ether, hydroxy, or hydroxyalkyl groups, and 
which may he further fused to a carbocyclic ring, or R13 and R15 are each hydrogen 
and Ri7, together with Rig, forms a fused fully or partially saturated non-aromatic 
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, together with R15, forms a fused fully or 
1 ring as defined above, and R17 and Rig are 



cyclohexyl ring as defined above, 
partially saturated non-aromatic 
hydrogen; 
or a pharmaceutically acceptable salt 



16. The compositions of claim 11 wherein - [(A)p]-Ki and/[(A)p*]-K5 are each in their 
entirety, polydentate ligands radicals of formula Ilia - IIIc: 



15 



20 



25 



30 



NH 




NH 



I 

OH 



R 



-R 
^R* 



Ilia 



wherein 




NH N 



IIIc 



Q is the group -(C(RR))^7-Y^(C(RI^)^2-(Y^-(C(RR))^5)n-, 
wherein 

and are independenfly -CH2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
n is 0 or 1; and ml, m2yand m3 are integers independently selected from 0 
to 4, provided that the sum of ml and m2 is greater than zero; 
all R and R* groups are independently -R\ -CI, -F, -Br, -0R^ -COOR^ -C0N(R^)2, - 
N(R^)2, -alkyl-COOR^ -^kyl-C(0)-N(R^)2; -alkyl-N(R^)2; -C(0)OR^ - 
C(0)N(R^)2; -aryl-N(R^)2;/acyl; acyloxy; heterocyclo; hydroxyalkyl; -S02-R^; - 
alkyl-S02-R^; or - R^ 
wherein 

each -[R^]- is, in its entirety, the linking group -[(A)p]- or -[(A)p*]- that serves 

to couple the m^tal chelating ligand radical to -X-; 
each -R"* is indi&pendently -H, -alkyl, -alkoxy, -hydroxy, -cycloalkyl, - 

hydroxyalkylZ-aryl, or -heterocyclo, each of which is optionally substituted; 
each -R^ is independently -H, -alkyl, -aryl, -cycloalkyl or -hydroxyalkyl, each of 

which is independentiy substituted; 

with the provisos that a carbon atom bearing an R group is not directly bonded to more 

than one heteroatom; and 
at least one R or R/ group on each -Ki and -K5 is -[R^]-; 

or a pharmaceutically acceptable salt thereof 



35 
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^Jl^ The composition of claim^^wherein both -Ki and -K5 are metal-chelating Hgand 



radicals of formula V: , ^ 

Q 



R NH HN 



^ R*^N N^R* 



wherein 

-Q- is the group -(C(RR));;,i-(Y')n -(C(RR))m2 -(Y'-(C(RR))^3)„i; 
5 and are each independently -CH2-, -NR^-, -0-, -S-, -SO-, -SO2- or -Se-; 

n and nl are each independently 0 or 1; and ml, m2 and m3 are independently 0 or 
an integer from 1 to 4; provided that ml and m2 are not both 0, that ml + m2 + 
n +nl is less than 6 and that a carbon atom bearing an R group is not directly 
bonded to more than one heteroatom; 
10 each -R and -R* group is independently: -R"*; -alkoxy; -hydroxy; -halogen, 

especially fluoro; -haloalkyl; -OR^ -C(0)-R^ -C(0)-N(R^)2, -N(R^) 2, -N(R^)- 
COR^ -alkyl-C(0)-OR^ -alkyl-C(0)-N(R^)2, -alkyl-N(R^)2-, -alkyl-N(R^)- 
COR^, -aryl-C(0)-OR^, -aryl-C(0)-N(R^)2, aryl-N(R^)2-, -aryl-N(R^)-COR^, - 
nitrile, -acyl, -acyloxy^ -heterocyclo^ -hydi-oxyalkyl^ alkoxyalkyl^ hydroxyaryl^ 
1 5 arylalkyl, -s62-R^ -alkyl-S02-R^ or -[R^]- 

wherein 

each -[R^]- is, in its entirety, the linking group -[(A)p]- or -[(A)p*]- that serves 
to couple the metal chelating ligand radical -Ki or -K5 to -X-; 

each -R"^ is independently -H, -alkyl, -alkoxy, -hydroxy, -cycloalkyl, - 
20 hydroxyalkyl, -aryl, or -heterocyclo, each of which is optionally substituted; 

each -R^ is independently -H, -alkyl, -aryl, -cycloalkyl or -hydroxyalkyl, each of 
which is optionally substituted; 

or 

two R groups, or an R group and an R* group, taken together with the one or more 
25 atoms to which they are bonded, form a saturated or unsaturated, spiro or fused, 

carbocyclic (such as fused 1,2-phenyl) or heterocyclic ring which may be 
unsubstituted or substituted by one or more groups R or R* groups above; 
each G' and is independently -OH or -(NR^)2; with the proviso that at least one 
of G* or G^ is -(NR^)2, where each R^ is independently hydrogen, alkyl, aryl, 
30 acylor-[R^]-;and 

A is a linking group; and p is 0 or a positive integer; 
with the proviso that at least one R , R*, or R group is -[R ]-; 
or a pharmaceutically acceptable salt thereof. 

35 
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18. A diagnostic, therapeutic or radiotherapeutic comm)sition for visualization, therapy 
or radiotherapy of tissues or organs that overexpress fdate-binding protein using nuclear 
medicine, magnetic resonance imaging or neutron /capture radiotherapy applications 
comprising: 

a) a folate-receptor binding ligaiid and 

b) a pharmaceutically acceptaMe carrier 
wherein said folate-receptor binding ligand hasr the structure of formula lib: 



CO — X/ 



(A), 



'5 1 m5 

(M5)n5 



lib 



wherein 

-K] is -H, -alkyl, -alkenyl, 

polyglutamate; 
-K5 is a polydentate metal 



/ynyl, -alkoxy, -aryl, -alkyl, -CON(R2)2, -glutamate, or - 



larin&4igand; 

M5 is a radioactive, paramajpetie^r superparamagnetic metal; 
each -X- is independently/-®-, -S-\-NH-, or -NRi-; 
b5 = 1 to 3, m5 = 1; n5 i7o dr 1; 
-Ro is a folate-receptor binding residue of formula: 



or 



H,N N N 



NH2 



^ CH 



X) 



each -[(A)p*]- is an optional linker independently comprising a straight or branched 
chain made /up of "p*" individual (A) moieties that are the same or different and are 
selected from the group consisting of: -CH2-, -CHR3-, -CR4R5-, -CH=CH-, - 

CH=CR6-/, >CR7-CR8<, >C=C<, -CR9=CRio-, -C=C-, -cycloalkylidene-, - 
cycloalk^nyl-, -arylidene-, -heterocyclo-, carbonyl (-CO-), -0-, -S-, -NH-, - 

_i J 

HC=N/,-CRii=N-,-NRi2-, -CS- and 1 • 



V 

■isl- 



and pA is 0 to 24; 
or -X-[(A)]p*- is, in its entirety, the group -Q- 
/herein 
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.Q_ is -[C(R')(R")]s,-[C(t)(R20]s2"[C(R5^)(R23)]s3-X3-Y-X4-; 
wherein 

si, s2, s3, and s4 are independently 0 to 2; 
X3, X4, X5, and X6 are independently/a single bond, -0-, -S-, or - N(R24)-; 
Y is a single bond, -C(R25)(R26)-. pr -Yl- 
wherein, 

Yl is -C(=X5)-X6-W-, wherein 
W is a single bond, -alkylidene-, -oycloalkylidene-, -aryhdene-, -alkenyhdene-, 
or -alkynylidene-, whose carbdn atoms may or may not be substituted; 
t is H, R27, -C(0)OR28, -P/o)(OR29))OH, .P(O)(OR30))OR3l, 
-P(0)(OR32)R33, -P(0)(dk)R34 -C(0)N(R35)(R36). or C(0)NH(R37); 
each -R' and -R" is independently a s/ngle bond, -H, -alkyl, -alkoxy, -cycloalkyl, - 

hydroxyalkyl, -aryl, or -heterocyclo/each of which is optionally substituted, 
each -R3 through -R5, -R7, -Rg, -^21 through -R23, and -R25 through -R27 is 
independently -H, -alkyl, -alkoxy/ -halogen, -hydroxy, -cycloalkyl, -hydroxyalkyl, - 
aryl, or -heterocyclo, each of which is optionally substituted; 
each -Ri, -R2, -R6, -R9 through -rU -R24, and -R28 through -R37 is independently -H, - 
alkyl, -alkenyl, -cycloalkyl, -/ryl, or a 5- or 6-membered nitrogen or oxygen 
containing heterocycle; 
or a pharmaceutically acceptaWiSL salt/thereof. 



19. The composition of cl5 
metal and -K5 is an enhanced re 



im 



/herein M5 is a paramagnetic or superparamagnetic 
polyaza macrocyclic radical of formula VI: 



wherein 



^19 ^20 



<CR'R") -G 



G/(R"R'Cy 




VI 



n is 0 or 1 ; 

each m, o, anrf p is independently 1 or 2; 
-Q- is -[C(R'/(R")]sr[C(t)(R2i)]s2--[C(R22)(R23)]s3-X3-Y-X4-; 

wherein 

si, s^, s3, and s4 are independently 0 to 2; 

X3,/X4, X5, and X6 are independently a single bond, -0-, -S-, or - 
N(R24)-; 

Y is a s/ngle bond, -C(R25)(R26)-» or Yl 
wherein Yl is -C(=X5)-X6-W-, 

wherein W is a single bond, -alkylidene-, -cycloalkylidene-, - 
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arylidene-, -alkenylidene-. or -alkynylidene-, whose carbon 
atoms may or may not be substituted; 

t is -H, -R27. -C(0)OR28( -P(0)(OR29))OH, - 

P(O)(OR30))OR31. -P(Q)(OR32)R33. -P(0)(OH)R34 - 
C(0)N(R35)(R36). or Cr(0)NH(R37); 
each G is independent!^ -C(0)OR'", -P(0)(OR'")OH, - 
P(0)(0R"')2, -P(0)(OR")R'", -P(0)(OH)R" 
C(0)N(R'")2, or C(0)NH(R'"); 
each -R' and -R" is independently a/ single bond, -H, -alkyl, -alkoxy, - 
cycloalkyl, -hydroxyalkyl, -aryl,/or -heterocyclo, each of which is 
optionally substituted, 
each -R'" is independently a -H, -altoyi, -cycloalkyl, -hydroxyalkyl, -aryl, or - 

heterocyclo, each of which is ontionally substituted, 
each -Ri3 through -R23, and R25 tm-ough -R27 is independently -H, -alkyl, - 
alkoxy, -halogen, -hydroxy/ -cycloalkyl, -hydroxyalkyl, -aryl, or - 
heterocyclo, each of which is^optionally substituted; 
each -R24, and -R28 through /R37 is independently -H, -alkyl, -alkenyl, - 
cycloalkyl, -aryl, or a 5- or 6-membered nitrogen or oxygen containing 
heterocycle, each of whicn is optionally substituted; 
or Ri3 together with R15, and R17 togetner with Rig, independently form, together with 
the carbon atoms in the poly-azaWacro to which they are attached, a fused fully or 
partially saturated non-aromaticM cyclohexyl ring which may be unsubstituted or 
substituted by one or more halogen/ allM, ether, hydroxy, or hydroxyalkyl groups, and 
which may be further fused to a caprocyclic ring, or R13 and R 15 are each hydrogen 
and R17, together with Rig, fomisi a fused fully or partially saturated non-aromatic 
cyclohexyl ring as defined above, o\Ri3, together with R15, forms a fused fully or 
partially saturated non-aromaticycyclohexyl ring as defined above, and R17 and Rig are 
hydrogen; 

or a pharmaceutically acceptable ^t thereof. 



20. The compositions of cljum 18 wherein -K5 is a metal chelating polydentate ligand 
radical of formula Ilia - IIIc: 



NH 






R 


R- 


R 


R 


R 






Ilia 



Illb 



IIIc 
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wherein 



10 



15 



Q is the group -(C(RR))m7-Y^(C(RR))^2-(Y2- 

wherein 

1 2 

Y and Y are independently -CHa 



:(RR));nj)rt- 



R-, -0-, -S-, -SO-, -S02- or -Se-; 
n is 0 or 1; and ml, ni2 and m3 2si integers independently selected from 0 
to 4, provided that the sum of ml and m2 is greater than zero; 
all R and R* groups are independently -rVcI, -F, -Br, -0R^ -COOR^ -CON(R^)2, - 
N(R^)2, -alkyl-COOR^ -alkyl-C(0)-N(ie)2, -alkyl-N(R^)2, -C(0)OR^, -C(0)N(R^)2, 



-aryl-N(R )2, acyl, acyloxy, heterocyclb, hydroxyalkyl, -SO2-R , -alkyl-S02-R 



or - 



wherein each -[R^ ]- is, in it: 
couple the metal cheiatin 
each -R"* is independe^ 

hydroxyalkyl, -aryl, 
each -R^ is independem 
which is independyntl^ 



\ the linking group -[(A)p*]- that serves to 
radical -M5 to -X-; 

-alkyl, -alkoxy, -hydroxy, -cycloalkyl, - 
)cyclo, each of which is optionally substituted; 
H, -alkyl, -aryl, -cycloalkyl or -hydroxyalkyl, each of 
substituted; 



20 



with the provisos that a c£ 
than one heteroatom; 



3on atom bearing an -R group is not directly bonded to more 
id that one to three R or R* groups on -K5 is -[R^ ]-; 




or a pharmaceutically acceptable salt thereof. 

21. The compositions of claim 18 wherein -K5 is a polyc^ntate metal-chelating ligand 
radical of formula V: 

R NH HN 



25 



wherein 

Q is the group -(C(RR));„i-(Y')„ 



Y and Y are each independently 
n and nl are each independently 



30 



each R and R* group 
especially fluoro, 




'(RR));„2-(Y^-(C(RR))m3)ni; 
2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
or 1; and ml, m2 and m3 are independently 0 or 
an integer from 1 to 4; provided that ml and m2 are not both 0, that ml + m2 + 
n +nl is less than 6 and mat a carbon atom bearing an R group is not directly 
bonded to more than one^eteroatom; 



independently: 
loalkyl, -OR^, -C(0)-R5, 



alkoxy; -hydroxy; -halogen. 



C(0)-N(R5)2, -N(R5) 2. 



-N(R^)- 
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or 



COR^, -alkyl-C(0)-OR^ -alkyl-C(0)-N(R^)2' -alkyl-N(R^)2-. -alkyl-N(R^)- 
COR^ -aryl-C(0)-OR^ -aryl-C(0)-N(R^)2, Al-N(R^)2-. -aryl-N(R^)-COR^ - 
nitrile, -acyl^ -acyloxy, -heterocyclo, -hydro/yalkyl, -alkoxyalkyl, -hydroxyaryl, - 
arylalkyl, -SOz-R^. -alkyl-S02-R^ or -[R^ 
wherein 

each -[R^ ]- is, in its entirety, the Hnkirfg group -[(A)p*]- that serves to couple 

the metal chelating ligand radical /Ks to -X-; 
each -R"^ is independently -H, -alkyl, -alkoxy, -hydroxy, -cycloalkyl, - 
hydroxyalkyl, -aryl, or -heterocjjclo, each of which is optionally substituted; 
each -R^ is independently -H, -alkyl, -aryl, -cycloalkyl or -hydroxyalkyl, each of 
which is independently substituted; 

two R groups, or an R group and aA R* group, taken together with the one or more 
atoms to which they are bonded, form a saturated or unsaturated, spiro or fused, 
carbocyclic (such as fused /l,2-phenyl) or heterocyclic ring which may be 
unsubstituted or substituted by one or more groups R or R* groups above; 
each -G^ and -G^ is independeiuly -OH or -(NR^)2; with the proviso that at least one 
of -G' or -G^ is -(NR^)2< where each -R^ is independently -hydrogen, -alkyl, - 
aryl, -acyl or -[R^ ]-; ana 
A is a linking group; and / is 0 or a positive integer; 
with the proviso that at one lo three -R , -R*, or -R^ groups^s -[R^ ]-; 
or a pharmaceutically acceptaWe salt thereof. 



22. The composition of claim 18 wherein said folate-^ceptor binding ligand, N- 
Pteroyl-Y-glutamyl-APAD03A , has the structure: 



H,N N N 



23. The composition of claim 18 
D03A-APA-(Y)-folate, having the 



HJ4^ N 




HOX- 



N N- 



-COM 



-COM 



ng the folate-receptor binding ligand Gd- 



o o 



"U' 



-COO' 



-COO" 
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24. The composition of claim 18 containing the folate-receptor binding ligand 12-N-(N- 
Pteroyl-Y-L-glutamyl)-3,3,9,9-tetramethyl-5-oxa-4,8-diaz^2,10-dodecanedione dioxime, 
having the structure: 




25. The composition of claim 18 c 
Technetium oxo 12-N-(N-Pteroyl-Y-L-gl 
dodecanedione dioxime, having the struct 



the folate-receptor binding ligand 
,3,9,9-tetramethyl-5-oxa-4,8-diaza-2,10- 



26. The composition of claim 18 wherein Mi or bpxh Mi and M5 are paramagnetic or 
superparamagnetic metals and Ki or both -Kj and /K5 are enhanced relaxivity polyaza 
macrocyclic radicals of formula VI: 



G-(R"R'C)p^ 
R 





G-(R"R'Cy 



wherein 

n is 0 or 1 ; 

each m, o, and n^is independently 1 or 2; 

Q is -[C(R')j^'')],,-[C(t)(R2,)]s2"[C(R22)(R23)]s3-X3-^^^ 

wherein; 
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sl, s2, s3, and s4 are independently 0 to 2; 
Y is a single bond, -C(R25)(R26)-> or/Yl wherein, 
Yl is -C(=X5)-X6-W-, wherein 

W is a single bond, -alkylidene^, -cycloalkylidene-, -arylidene-, - 
alkenylidene-, or -alkynyl^Gene-, whose carbon atoms may or may 
not be substituted; 
t is H, R27, -C(0)OR28. -P(0)(Ok29))OH, -P(O)(OR30))OR31, 
-P(0)(OR32)R33, -P(0)(0H)Ri4 -C(0)N(R35)(R36), or C(0)NH(R37); 
each G is independently -C(0)(6R'", -P(0)(0R'")0H, -P(0)(0R'")2. 
-P(0)(OR"')R", -P(0)(OH)r/ C(0)N(R'")2, or C(0)NH(R'"); 
each -R' and -R" is independently a single bond, -H, -alkyl, -alkoxy, 
cycloalkyl, hydroxyalkyl, -^1, or -heterocyclo, each of which is optionally 
substituted, 

each -R'" is independently a/-H, -alkyl, -cycloalkyl, -hydroxyalkyl, -aryl, or 
heterocyclo, each of whion is optionally substituted, 
each -Ri3 through -R23, and MlS through -R27 is independently -H, -alkyl, - 
alkoxy, -halogen, -hydroxy, -cycloalkyl, -hydroxyalkyl, aryl, or -heterocyclo, 
each of which is optionally substituted; 
each -R24, and -R28 through -R37 is independently -H, -alkyl, -alkenyl, - 
cycloalkyl, -aryl, a /S- or 6-membered nitrogen or oxygen containing 
heterocycle, each of ywhich is optionally substituted; 
or Ri3 together with Ris/and R17 together with R18, independently form, together 
with the carbon atoms in the polyazamacrocycle to which they are attached, a 
fused fully or partmlly saturated non-aromatic cyciohexyl ring which may be 
unsubstituted or substituted by one or more halogen, alkyl, ether, hydroxy, or 
hydroxyalkyl groups, and which may be further fused to a carbocyclic ring, or 
Rl3 and R15 am each hydrogen and R17, together with Rig, forms a fused fully 
or partially saturated non-aromatic cyciohexyl ring as defined above, or R13, 
together witp R15, forms a fused fully or partially saturated non-aromatic 
cyciohexyl mng as defined above, and R17 and Rig are hydrogen; 
or a pharmaceutically acceptable salt thereof. 



27. The composition for visualization or/radiotherapy of tissues or organs that 
overexpress folate-binding protein using magnetic resonance imaging or neutron capture 



therapy techniques comprising one or 
one or more enhanced relaxivity polyaza 
to a paramagnetic or superparamagnetic 
body by imaging means for diagnosis or j 
neutron capture therapy; wherein said 
formula lie: 



-receptor binding residues conjugated to 
jjfcyclic radicals which are optionally chelated 
capable of either being detected outside the 
3ablV of providing a radiotherapeutic effect using 
receptor binding compound has the structure of 
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CO X Kg 



lie / 

wherein / 

Ro is a folate-receptor binding residue of formula: 




each X is independently -0-, -S-/ -NH-, or -NRi-; 
nl and n5 are independently 0 or 1 ; 
bl and b5 are independently 1 fo 3; 
ml and m5 are independently A to 81; 
each -Ki is independently / 

-H, -alkyl, -alkenyl, -alkyn^, -alkoxy, -aryl, -alkyl, -CON(R2)2, -glutamate, 

-polyglutamate, or -K4; / 
each -K2 is independently / 

-H, -alkyl, -alVM, -alkynyl, -alkoxy, -aryl, -alkyl, -CON(R2)2, - 
glutamate, -polyglutan^^ or -K3; 
-Kais V X 




m5 



Ml and M5 are paramagnetic or superparamagnetic metals; and 
-K4 and -K5 are each independently enhanced-relaxivity polyaza macrocyclic 
metal-chelating ligand radicals of formula VI that are optionally chelated to 
Ml and M5: / 

/ 9 1^20 

</(R"R'C)p^ /\ /(CR"R")„-G 




VI 
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wherein 

n is 0 or 1 ; 

each m, o, and p is independently 1 or j 

Q is -[C(R')(R'0]^j-[C(t)(R2i)]s2--[C(R22)(R23)]s3-X3-Y-X4-; wherein 

si, s2, s3, and s4 are independently 0 to 2; 
X3, X4, X5, and X6 are independently a single bond, -0-, -S-, or 
N(R24)-; 

Y is a single bond, -C(R25)(R^6)-, or Yl, 
wherein Yl is -C(=X5)-X6-W-, 
wherein 

W is a single bond, -alkylidfene-, -cycloalkylidene-, -arylidene- 
alkenylidene-, or -alkynylide^e-, whose carbon atoms may or may not 
be substituted; 

t is H, R27, -C(0)OR28, -B^(0)(OR29))OH, -P(O)(OR30))OR3 1 , 
-P(0)(OR32)R33, -P(0)(^H)R34 -C(0)N(R35)(R36), or 
C(0)NH(R37); 

each G is independently -f(0)OR''\ -P(0)(OR'")OH, -P(0)(OR'")2. 
-P(0)(OR'")R". -P(0)(OH)R" C(0)N(R"')2, or C(0)NH(R'"); 
each R' and R" is independently a single bond, -H, -alkyl, -alkoxy, - 
cycloalkyl, -hydroxy al)cyl, -aryl, or -heterocyclo, each of which is 
optionally substitated, i 
each R'" is indepentlerW -H, -alkyl, -cycloalkyl, -hydroxyalkyl, -aryl, or - 
heterocyclo, eadlj of ff^ch is optionally substituted, 

V-R25 through -R27 is independently -H, -alkyl, - 
alkoxy, -halogen,y-hyans)xy, -cycloalkyl, -hydroxyalkyl, -aryl, or - 
heterocyclo, each o4^hich\s optionally substituted; 
each -R24, and -R28 /traough -R37 is independently -H, -alkyl, -alkenyl, - 
cycloalkyl, -aryl, /a 9^ or 6-membered nitrogen or oxygen containing 
heterocycle, eacW of wr\jch is optionally substituted; 

or Ri3 together with Ris/and R17 together with Rig, independently form, together 
with the carbon atonas in the polyazamacrocycle to which they are attached, a 
fused fully or partially saturated non-aromatic cyclohexyl ring which may be 
unsubstituted or substituted by one or more halogen, alkyl, ether, hydroxy, or 
hydroxyalkyl groups, and which may be further fused to a carbocyclic ring, or 
Rl3 and R15 are eacn hydrogen and R17, together with Rig, forms a fused fully or 
partially saturated non-aromatic cyclohexyl ring as defined above, or R13, 
together with R15, forms a fused fully or partially saturated non-aromatic 
cyclohexyl ring as defined above, and R17 and Rig are hydrogen; 
-(A)p- and -(A)pi' are optional linkers each independently comprising a straight or 
branched chain naade up of moieties that are the same or different and selected from 
the group consi/ting of: -CH2-, -CHR3-, -CR4R5- -CH=CH-, -CH=CR6-, 
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>CR7-CR8<, -C=C-, -CR9=CRio-, 
arylidene-, -heterocyclo-, carbonyl 



-CS-, i • ^ 



!-, -cycloalkylidene-, -cycloalkenyl-, - 
/CO-), -0-, -S-, -NH- -HC=N-, -CRn=N-, 

and 



0 \6 24; 



Jirety is the group -Q- as defined above 
"mdependently -H, -alkyl, -alkenyl, -alkoxy, -aryl, a 
cygen containing heterocycle, halogen, hydroxy or - 



-NRi2- . 

p and p* are each individual) 

or-X-[(A)p]-or-X-[(A)p*]- ini^ 
each -R3 through -R5, -R7 and 
5- or 6-membered nitroge/ 
hydroxy alkyl; and 

each -Ri, -Rj, -R6, -R9 thrybgh^-Rn is independently -H, -alkyl, -alkoxy, -cycloalkyl, - 
aryl, -heterocyclo, -hydroxy or -hydroxy alkyl; 
or a pharmaceutically accepiable salt thereof. 

28. A conjugatable polyaza macrocyclic intermediate useful fof the preparation of the 
composition of claim 27, said intermediate containing at least one free amine, carboxylate 
or thiocarboxylate functionality that can be used for conjugationyio targeting vectors such as 
folate, said intermediates having the structure of formula VIa:y 

R R 

-19 V20 




N 



A 



"15 



G.(R"R"CV 



I(int) 



'16 



wherein 



n is 0 or 1 ; 

each m, o, and p is independfently 1 or 2; 
-Q(int) is a conjugatable anune-, carboxylate- or thiocarboxy late-containing group 
of formula 4C(R'yR'0]sr[C(t)(R2i)]s2-[C(R22)(R23)]s3-X3-Y-X4; 
wherein 

si, s2, s3, and^ s4 are independently 0 to 2; 
X3 is a single bond, -0-, -S-, -NH- or -NR24- if Y is present, 
or X3 is -OHy-SH, -NH2 or-N(R24)H if Y and X4 are absent; 
X4 is a syigle bond, -OH, -COOH, -SH, -NHR24 or -NH2; 
Y is a s)hgle bond, -C(R25)(R26)-. or Yl 
wherein, 

Yl is-C(=X5).X6-W-. wherein 



112 



Attoij^^i 



ocket No. RA-70 Div H 

/ 



38), -NH2 

and 

if W and X4 are 



X5 is =0 or =S; 
X6 is a single bond, -SH, -NH 
or -OH if W and X4 are abser 
is -S-, -0-, -NH-, or -N(R39y 
5 present; / 

W is a single bond, or is -alkylidene-, -cycloalfcylidene-, -arylidene-, - 
alkenylidene-, or -alkynylidene-, whose canyon atoms may or may not be 
substituted; / 
t is -H, -R27. -C(0)OR28. -P(0)(OR29))OH, -P(O)(OR30))9fe3 1 , -P(0)(OR32)R33. - 
10 P(0)(OH)R34 -C(0)N(R35)(R36). or -C(0)NH(R37); / 

each -G is independently -C(0)OR"', -P(0)(OR'")OH, -PtO)(OR'")2, -P(0)(OR"')R", - 
P(0)(OH)R" -C(0)N(R'")2, or -C(0)NH(R'"); / 

each -R' and -R" is independently a single bond, -H, -alkyl, -alkoxy, -cycloaikyl, - 
hydroxyalkyl, -aryl, or -heterocyclo, each of /which is optionally substituted, 
15 each -R'" is independently -H, -alkyl, -cycloaljcyl, -hydroxyalkyl, -aryl, or -heterocyclo, 

each of which is optionally substituted, 
each -Ri3 through -R23, and 'R25 through /R21 is independently -H, -alkyl, alkoxy, - 
halogen, -hydroxy, -cycloaikyl, -hydroxyalkyl, -aryl, or -heterocyclo, each of which 
is optionally substituted; 

20 each -R24, and -R28 through -R39 is independently -H, -alkyl, -alkenyl, cycloaikyl, aryl, 
a 5- or 6-membered nitrogen or 9xygen containing heterocycle, each of which is 
optionally substituted; 

or Ri3 together with R15, and R17 togbther with Rig, independently form, together with 
the carbon atoms in the polyazam/crocycle to which they are attached, a fused fully or 

25 partially saturated non-aromatic? cyclohexyl ring which may be unsubstituted or 
substituted by one or more halogen, alkyl, ether, hydroxy, or hydroxyalkyl groups, and 
which may be further fused to a carbocyclic ring, or R13 and R15 are each hydrogen 
and Ri7. together with Rl8( forms a fused fully or partially saturated non-aromatic 
cyclohexyl ring as defined/above, or R13, together with R 15, forms a fused fully or 

30 partially saturated non-aromatic cyclohexyl ring as defined above, and R17 and Rig are 
hydrogen; 

or a pharmaceutically acceptable thereof. 



29. A composition comprising folate-receptor binding ligands and a pharmaceutically 
35 acceptable carrier for use nuclear medicine, magnetic resonance imaging, or neutron 
capture therapy techniques, said folate-receptor binding ligands comprising dendrimeric 
first-, second-, thirds; and fourth- generation conjugates containing one folate-receptor 
binding residue coupled one or more macrocyclic metal-chelating ligand radicals that are 
optionally chelates to paramagnetic, superparamagnetic, radioactive or non-radioactive 
40 metals capable of either being detected outside the body by imaging means for diagnosis or 
capable of proviaing a therapeutic or radiotherapeutic effect; wherein said folate-receptor 
binding compounds have the structure of formulae Vila - Vlld: 
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vna-vnd 

wherein Ro is a folate-receptor binding residue of formiila: 



NH, 



or 



H,N N N 



5 wherein for the first generation dendrimers of /formula Vila, bearing one folate-receptor 
binding residue and 3 or 6 metal chelating l^and radicals; 

Wi and W2 are each independently -OR'", -SR'", -NR'"R"' -CON(R2)2. - 
glutamate, -polyglutamate, or -K^; 
wherein each -R'" is independently -H, -alkyl,/-aryl, -cycloalkyl, -hydroxy alkyl, or - 
10 heterocyclo; 

with the proviso that either WiyW2, or both Wi and W2 of formula Vila must be 
-K6, where -K^ is a residye of formula Villa: 

R- / Ro Rj* 
-Y— Nt^C— [-(jJ— (j;— A— K— M, J, 

Villa 

wherein 

15 Y is a single bond or -Y'7C(=X)- 

wherein 
X is =0 or =S; 
Y' is N(R6)-Z-/ 
whereir 

20 Z is a single bond, -alkylidene-, -vinylidene-, -cycloalkylidene-, or -arylidene-; 
A is -C(=0)y( C(=S), or -CH2-N(R7)-; 

Ml is & superparamagnetic, paramagnetic, radioactive or non-radioactive 
me/al, and 

Ki i^a macrocyclic metal chelating ligand residue; 

25 and, 

wherein for second generation dendrimers, bearing one folate receptor binding residue and 
9 or 18 macrocyclic metal-chelating ligand radiczds and having the structure of formula 
Vllb: 

Wi anti W2 are each independenUy -OR'", -SR'" -NR"'R"', or -K7, 
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wherein each -R'" is independently -H, -alkyl, -aryl, -cycloalkyl, 
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hydroxyalkyl, or -heterocyclo, and -K7 is a residue of formula Vlllb; 
with the proviso that either Wi, W2, or both Wi and W2 must be -K7 

f jj' r f/?' 1 1 

— Y-N-C-|-(j;-^-A-D-j-cf-(j:-A-K-M, J^J^ 



^3 



vinb 



wherein 

Y is a single bond or -Y'-C(=X)- 

wherein X is =0 or =S and Y' i^-N(R6)-Z-; 
wherein 

Z is a single bond, -alk^lidene-, -vinylidene-, -cycloalkylidene-, or - 
arylidene-; 
A is -C(0)-. C(S)-, or -CH(2-N(R7)-; 

D is -N(R6)-C- if A is -c/o)- or -C(S)- or -C(=X2)-E-N(R7)-C- if A is 
CH2-N(R7)-; 
wherein 

E is a single b'ond, -alkylidene-, -vinylidene-, -cycloalkylidene-, 
or -arylidene- and X2 is =0 or =S; 

and wherein 

for the third generation dendrimeiric compounds of formula VIIc; bearing one folate 
receptor binding residue and 27o/54 macrocyclic metal-chelating ligand radicals: 

Wi and W2 are each independently -OR'", -SR'", -NR"'R'", or -Kg 
wherein each -R'" is independently -H, -alkyl, -aryl, -cycloalkyl, -hydroxyalkyl, or - 
heterocyclo, and -Kg is a residue^of formula VIIIc; 

with the proviso/that either Wi, W2, or both Wi and W2 of the compounds of 

formula VIIc must be -Kg : 



f w r f R4 1 

_Y_Nyc-^(j;-(j;-A-DT|-(j;-(j;-A-Dj[-^-^-A-K-M,j3jJ 

VIIIc 

wherein, 

Y is a single fond or -Y'-C(=X)- 
wherein 
X is =6 or =S; 
Y' is/-N(R6)-Z-; 
wnerein 
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Z is a single bond, -alkylidene-, -vinylidene-, -cycIoalkylidene-,/or -arylidene-; 
A is -C(0)-, -C(S)-, or -CH2-N(R7)-; 
Di and D2 are each independently -N(R/6)-C if A is -C(0)- or -C(S)-. and 
-C(=X2)-E-N(R7)-C if A is -CH2-N(^7)-; 
5 wherein 

E is a single boiid, -alkylidene-, -vinylidene-, 
cycloalkylidene-, or -a^lidene- and X2 is =0 or =S; 

and 

wherein for the fourth generation dendrimeric compounds of formula Vlld; bearing one 
10 folate receptor binding residue and 81 or/l62 macrocychc metal-chelating ligand 

radicals: 



15 



Wi and W2 are each independently hOR'", -SR'", -NR"'R'" or -K9. 

wherein each R'" is independently -H, -alkyl, -aryl, -cycloalkyl, - 
hydroxyalkyl, or -heterocyclo and -K9 is a residue of formula Vllld; 
with the proviso that either AVi, W2, or both Wi and W2 of the 
compounds of formula Vlld must be -K9 ): 



— Y-N-c — (j;-<j;-A-D7^(j;-(j;-A-D|Wj:-(j;-A-D5|-(j;-(j;-A-K^M,Jg^ 

L Rj Rg R3 R5 / R3 R5 R3 



3J3 



20 



25 



30 



35 



wherein Y is a single bond or -Y'-(^=X)- 
wherein 
X is =0 or =S; 
Y' is -N(R6)-Z-; 
wherein 

Z is a single bond/ -alkylidene-, -vinylidene-, -cycloalkylidene-, or - 

arylidene-; 
A is -C(0)-, -CrS)-, or -CH2-N(R7)-; 
Di, D2, and D3 Are each independently -N(R6)-C if A is -C(0)- or C(S)-, 
and -C(=X2)/E-N(R7)-C if A is -CH2-N(R7)-; 

wherein E is a single bond, -alkylidene-, -vinylidene-, -cycloalkylidene- 
, 0/ -arylidene- and X2 is =0 or =S; and 
each -Ri to -R7 of the compounds of formula Villa- Vllld is independently -H, 
-alkyl, -hydroxyalkyl, -alkoxy, -alkoxyalkyl, -cycloalkyl, or -aryl; each of 
which is/optionally substituted, 
or a pharmaceutically Acceptable salt thereof. 

30. The composition of claim 29 wherein Wi of formula Vila - Vlld is a residue of 
formula Villa, VIpb, VIIIc or Vllld; 

and 

W2 of formula Vila - Vlld is -OR'", -SR'", -NR"'R"' -CON(R2)2, -glutamate, or - 
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polyglutamate, wherein each R'" is independently -H, -alkyl, -aryl, -cycloalkyl, - 
hydroxyalkyl, or -heterocyclo. / 

3 1 . The composition of claim 29 wherein W2 of formula Vila - Vlld is a residue of 
formula VIHa, Vlllb, VHIc or Vllld; / 

and Wi of formula Vila - VHd is -OR'", -SR"\/yNR'"R'" -CON(R2)2, -glutamate, or - 
polyglutamate, wherein each R'" is independently -H, -alkyl, -aryl, -cycloalkyl, - 
hydroxyalkyl, or -heterocyclo. 11 

32. The dendrimeric compositions of clainy29 wherein both Wi and W2 of formula 
Vila - Vlld is a residue of formula VHIa, Vlllb, VIHc or Vllld. 

33. The dendrimeric folate-receptor binding compositions of formula Vila - Vlld of 
claim 29 for use in diagnostic imaging using magnetic resonance or nuclear medicine 
techniques, or for use in radiation- or neutron-capture therapy, wherein Mi is a radioactive-, 
paramagnetic- or superparamagnetic- metM and each Ki is a macrocyclic metal chelating 
ligand radical of formula VI: / 



wherein said metal chelating radical is attached to the remainder of the compound of 
formulae Vila - Vlld viarthe free -N(R)- atom of the function -Q- if A is -C(0)- or - 
C(S)- or through the free/-C(0)- atom of the function -Q- if A is -CH2-N(R7)-; 
wherein -Q- is -[C(R/)(R")],r[C(t)(R2i)]s2--[C(R22)(R23)]s3-X3-Y-X4-; 



si, s2, s3, andys4 are independently 0 to 2; 

X3, X4, X5, a(nd X6 are independently a single bond, -0-, -S-, or -N(R24)-; 
Y is a singleybond, -C(R25)(R26)-» or Yl, 
whereiiL/Yl is -C(=X5)-X6-W-, 
wherein 

/ W is a single bond, -alkylidene-, -cycloalkylidene-, -arylidene-, - 
/ alkenylidene-, or -alkynylidene-, whose carbon atoms may or may 
/ not be substituted; 

/ t is H, R27, -C(0)OR28. -P(0)(OR29))OH, -P(O)(OR30))OR3 1 , - 
/ P(0)(OR32)R33, -P(0)(OH)R34, -C(0)N(R35)(R36), or 
/ C(0)NH(R37); 




i4 



'16 



wherein 
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each G is independently -C(0)OR"', -P(0)(OR'")OH, - 
P(0)(OR'")2, •P(0)(OR"')R"> Ao)(OH)R" C(0)N(R"')2, or 
C(0)NH(R'"); 

each R' and R" is independently a single bontl, -H, -alkyl, -alkoxy, -cycloalkyl, 

hydroxyalkyl, -aryl, or -heterocyclo, each of yhich is optionally substituted, 
each R'" is independently -H, -alkyl, -cycloalkj^, -hydroxyalkyl, -aryl, or -heterocyclo, 

each of which is optionally substituted, 
each -Ri3 through -R23, and -R25 through -Rij is independently -H, -alkyl, -alkoxy, 
halogen, -hydroxy, -cycloalkyl, -hydroxyalkyl/ -aryl, or -heterocyclo, each of which is 
optionally substituted; 
each -R24, and -R28 through -R37 is indepefidently -H, -alkyl, -alkenyl, -cycloalkyl, 

aryl, or a 5- or 6-membered nitrogen pr oxygen containing heterocycle, each of 

which is optionally substituted; 
or a pharmaceutically accepted salt thereof. 



34. The dendrimeric folate receptor binding composition of formula Vila - Vlld of 
claim 29 wherein Mi is a radioactive meta/ and at least one -Ki is a macrocyclic metal 
chelating ligand radical of formula V: 

R jVH HN 



R*' 



N R* 
g2 



wherein 

-Q- is the group -(C(RR))^ 



l-(Y')n -(C(RR))m2 -(Y'-(C(RR))m3)nl ; 



Y' and Y^ are each independently -CH2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
n and nl are each independently 0 or 1 ; and ml, m2 and m3 are independently 0 or 
an integer from 1 to 4; provided that ml and m2 are not both 0, that ml + m2 + 
n +nl is less than 6 and that a carbon atom bearing an R group is not directly 
bonded to more thgn one heteroatom; 



roup is independently: -R*; -alkoxy; 

>5 d5 



-hydroxy; -halogen. 



C(0)-N(R5)2. -N(R5)2, 



-N(R5)- 



each -R and -R* 

especially fluor^, -haloalkyl, -OR^, -C(0)-R^ 

))-0R^, -alkyl-C(0)-N(R^)2, -alkyl-N(R^)2-, -alkyl-N(R^)- 
COR^ -aryl-0f(O)-OR^, -aryl-C(0)-N(R^)2, aryl-N(R^)2-, -aryl-N(R^)-COR^ - 
nitrile -acyl /-acyloxy, -heterocyclo, -hydroxyalkyl, -alkoxyalkyl, -hydroxyaryl, 



arylalkyl, -S< 
whereii 



)2-R^ -alkyl-S02-R^ or -[R^- 



-[^ ]- is a linking group -[(A)p]- that links the metal chelating ligand 
radical of formula V to the remainder of the molecule of formulae 
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Vila through Vlld; 
wherein -[(A)p]- comprises a straight or branched chain of individual 
moieties that are the same or different and selected from the group 
consisting of: -CH2-, -CHR3-, /-CR4R5- -CH=CH- -CH=CR6- 
>CR7-CR8<, -C=C-, -CR9=CRio-, -C^- -cycloalkylidene-, - 
cycloalkenyl-, -arylidene-, -heterocyclo-, carbonyl (-CO-), -0-, -S-, 



(-CS-), 



N- 



-NH-, -HC=N-, -CRii=N-,/-NR,2- 
and 

p is an integer from 0 to 24; 

each -R"* and -R3 through -R5 Ls independently -H, -alkyl, -alkoxy, - 
hydroxy, -cycloalkyl, -hydrpxyalkyl, -aryl, or -heterocyclo, each of 
which is optionally substitt 



ted; 



each -R and 'R6 through 
cycloalkyl or 
substituted; or 
two R groups, or an R group and 
more atoms to which they 
spiro or fused, carbocyclic 



12 is independently -H, 
hydroxyalkyl, each of which is 



alkyl, -aryl. - 
independently 



R* group, taken together with the one or 
bonded, form a saturated or unsaturated, 
uch as fused 1 ,2-phenyl) or heterocyclic ring 
which may be unsubstituteji or substituted by one or more groups R or R* 
groups above; 



each -G and -G is independently -OH or -(NR )2; with the proviso that at 

least one of -G^ or -O^ is -(NR^)2, and each -R^ is independently - 

hydrogen, -alkyl, -aryl/ -acyl or -[R^]-; 
with the proviso that at least one -R , -R*, or -R^ group is -[R^ ]-; 
or a pharmaceutically acceptable salt thereof. 

35. The dendrimeric folate-receptor binding composition of formula Vila - Vlld of 
claim 29 for use in nuclear medicine or radiotherapy wherein Mi is a radioactive isotope 
and at least one Ki is a macrocyclic metal chelating ligand of formula Ilia - IIIc: 



NH 



I 

OH 



V^R 



wherein 



N 
I 

OH 



Ilia 



R 



R^y^ \^R 



k,R 
„ / ^R 



Illb 



IIIc 



R' 



Q is the group /(C(RR));„i-Y^C(RR))ni2-(Y^-(C(RR));n5)n-. 
wherein 

aj/d Y^ are independently -CH2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
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n is 0 or 1; and ml, m2 and m3 are integers independently selected from 0 

to 4. provided that the sum of ml and m2 is greater than zero; 
all R and R* groups are independently f-R^, -CI, -F, -Br, -OR^ -COOR^ - 
CON(R^)2, -N(R^)2, -alkyl-C00Ryalkyl-C(0)-N(R^)2. -alkyl-N(R^)2. - 
C(0)OR^, -C(0)N(R^)2, -aryl-N^R^)2, -acyl, -acyloxy, -heterocyclo, - 
hydroxyalkyl, -S02-R^ -alkyl-So|-R^ or - [R^]-; 
wherein 

- [R^]- is a linking groi/p -[(A)p]- that hnks the metal chelating 
ligand of formula Mia, Illb, or IIIc to the remainder of the 
molecule; wherein /-[(A)p]- comprises a straight or branched 
chain of individual moieties that are the same or different and 
selected from the/group consisting of: -CH2-, -CHR3-, - 
CR4R5-, -CH=CH-, -CH=CR6-, >CR7-CR8<, -C=C-, - 
CR9=CRio-, -C=C-, -cycloalkylidene-, -cycloalkenyl-, - 
arylidene-, -heterocyclo-, carbonyl -(CO)-, -0-, -S-, -NH-, 
-HC=N-, -(^„=N-, -NR12- , -(CS)- 

I * > *f 7 ' ' and 
p is an integer from 0 to 24; 
each -R"^ and -R3 through -R5 is independently -H, -alkyl, -alkoxy, - 
hydroxy, -cycloalkyl, -hydroxy alkyl, -aryl, or -heterocyclo, each of 
which is optionally substituted; 
each -R^ and yke through R^ is independently -H, -alkyl, -aryl, - 
cycloalkyl/ or -hydroxyalkyl, each of which is independently 
substitute 

with the provisos that a caCDon atom bearing an -R group is not directly bonded to more 
than one heteroatom; smd that at least one -R or -R* group on -Ki is -[R^]- 

or a pharmaceutically accemable salt thereof. 

36. A folate-receptor binding ligand comprising dendrimeric first-, second-, third-, and 
fourth- generation conjugates containing one or more folate-receptor binding residues 
coupled to one or more macrocyclic metal-chelating ligand radicals that are capable of 
either being detected /outside the body by imaging means for diagnosis or capable of 
providing a therapeutic or radiotherapeutic effect, wherein said folate-receptor binding 
ligands have the structure of formulae IXa, IXb, IXc, and IXd, representing dendrimers of 
generations 1, 2, 3, and 4, respectively, 

wherein for the first generation dendrimers of formula IXa, bearing three folate and three 
metal chelating ligand radicals; 
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[F-N— |— (p-(p-|3-C-N"-"— E-C-NfC-[-^-C^ 



H R12R10 



IXa 



^3 ^5 



F is a folate-receptor binding residue of formula:^ 



o ^ 



CH 
H I 

CH. 



or 



COOH 



rift Lj I 



COOH 



CH 
H I 
CH, 



\ 

CH, 

J'. 



wherein Rq is a residue of formulaij 
o 



or 



NHj 



-iv 



m 

Q-i 



5 

H 



10 



15 



each Xi through X4 is independently =0 or =S; 
each A is -C(0)-, -C(S)-, or -GH2-N(R7)-; 

E is a single bond, -alkylidene^, -vinylidene-, -cycloalkylidene-, or-aryhdene-; 
B is a macrocyclic metal-chelating ligand radical that is attached to A via an 

amide or thioamide bdnd and is optionally chelated to a paramagnetic, 

superparamagnetic, rad/oactive or non-radioactive metal; 

-Ri, -R6 through -Rg. -R13, and -Rnare independently -H, -alkyl, - 

hydroxy alkyl, -cycloalkyl, or -aryl; 

-R2 through -R5 and fRg through -R12 are independently -H, -alkyl, 
hydroxyalkyl, -alko/y, -hydroxyalkyl, -halogen, -cycloalkyl, -aryl or - 
heterocyclo; 
or a pharmaceutically accepted salt thereof; 



20 



and wherein for the second generation dendrimeric compounds of formula IXb, bearing 
nine folate-receptor binding ^sidues and nine metal-chelating ligand radicals: 

R14H R,,R /R.aH R,,R R3 X2 Xi Ri . ^2 R4 ^2 ^4 . 



H R12R10 



^3 ^5 



•^3 ^5 



IXb 



25 



A, B, E, F, Xi through X4 and all -R groups are as defined for the compounds 
of formola IXa; 

Di and 62 are independently -N(R6)-C if A is -C(0)- or -C(S)-, and "C(=X3)- 
E-N(r()-C if a is -CH2-N(R7)-; 
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and wherein for the third generation dendrimeric compounds of formula IXc, bearing 27 
folate receptor binding residues and 27 metal chplating ligand radicals; 

" ° ° H R„R,. H R.jR.J' / R3 Rs R3 R, Rj 

IXc 

Di, D2, D3, and D4 are independently -N(R6)-C if A is -C(0)- or -C(S)-, 
and -C(=X3)-E-N(R7)-C if A /s -CH2-N(R7)-; and all other groups are defined 
as above; 
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37. The dendrimeric composition of claim 36 wherep F of formulae IXa, IXb, IXc, 
and IXd is a folate-receptor binding residue of formula: 



-N-CH 
"o H I 

CH, 



COOH 

wherein Ro is a residue of formula: 



or a pharmaceutically acceptable salt thereof. 



38. The dendrimeric folate-receptor binding composition of claim 36 wherein F of 
formulae IXa, IXb, IXc, and IXd is a fol/te receptor binding residue of formula: 

COOH 

I 

-CH 
■0 H I 

CH, 



wherein Ro is a residue of formula: 



J H 



''^..A..<*J CH, 



H,N N N 



or a pharmaceutically acceptable salt thereof. 



39. The folate-receptpr binding composition of formulae IXa, IXb, IXc, and IXd of 
claim 36, wherein B /s a polyaza macrocyclic ligand radical of formula Vic that is 
optionally chelated to^ paramagnetic, superparamagnetic, radioactive or non-radioactive 
metal. 
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Vic / 

wherein said macrocyclic ligand radical is attached yio A via an amide or thioamide linkage 
through a free N atom of the function -Q- if A/is -C(0)- or -C(S)- or through a free - 
C(0)- group of the function -Q- if A is -CH2-N(R7)-; 

-Q- is -[C(R')(R'0]si-[C(t)(R2i)]sr[C(R22)/R^ 
wherein / 
si, s2, s3, and s4 are independently 0 to 2; 

-X3, -X4, -X5, and -X^ are independently a single bond, -0-, -S-, or -N(R24)-; 
Y is a single bond, -C(R25)(R26)-,/r Yl, 
wherein Yl is -C(=X5)-X6/W-, 
wherein / 

W is a single bond, -alkyhdene-, -cycloalkylidene-, -arylidene-, 
-alkenylidene/ or -alkynylidene-, whose carbon atoms may or 
may not be substituted; 

t is H, R27,/C(0)0R28, -P(0)(OR29))OH, -P(0)(OR3o))OR3,, - 
P(0)(OR3/)R33, -P(0)(OH)R34, -C(0)N(R35)(R36), or 
C(0)NHfe7); 

each G independently -C(0)OR"\ -P(0)(OR'")OH, - 
P(0)(0(R'")2, -P(0)(OR"')R", -P(0)(OH)R" -C(0)N(R'")2, or - 
C(0)NH(R'''); 

each/-R' and -R" is independently a single bond, -H, -alkyl, - 
alkoxy, -cycloalkyl, -hydroxyalkyl, -aryl, or -heterocyclo, each 
oMvhich is optionally substituted, 
eAch -R'" is independently -H, -alkyl, -cycloalkyl, - 
hydroxyalkyl, -aryl, or -heterocyclo, each of which is optionally 
/ substituted, 

/ each -Ri 3c through -R20C, -R21 through -R23, and -R25 through - 
/ R27 is independently -H, -alkyl, -alkoxy, -halogen, -hydroxy, - 
/ cycloalkyl, -hydroxyalkyl, -aryl, or -heterocyclo, each of which 
/ is optionally substituted; 

/ each -R24, and -R28 through -R37 is independently -H, -alkyl, - 
/ alkenyl, -cycloalkyl, -aryl, a 5- or 6-membered nitrogen or 
/ oxygen-containing heterocycle, each of which is optionally 
/ substituted; 
or a pharmaceuticaUy accepted salt thereof. 
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40. The dendrimeric folate-receptor binding composition of formulae IXa, IXb, IXc, 
and IXd of claim 36 wherein B is a metal-chelating ligand radical of formula Ilia - IIIc 
that is optionally chelated to a paramagnetic, superparamagnetic, radioactive or non- 
radioactive metal: / 



Y and Y are independenUy -GH2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
n is 0 or 1; and ml, m2 and m3 are integers independently selected from 0 

to 4, provided that the sunyof ml and m2 is greater than zero; 
all R and R* groups are independently -R"^, -CI, -F, -Br, -OR^ -COOR^ - 
CON(R^)2, -N(R^)2, -alkyl-COOR^ -alkyl-C(0)-N(R^)2, -alkyl-N(R^)2. - 
C(0)OR^, -C(0)N(R^)f -aryl-N(R^)2, acyl, acyloxy, heterocyclo, 
hydroxyalkyl, -S02-RYalkyl-S02-R^, or -[R^]-; 

wherein -[R^]- is a linking group -[(A)p]- that couples the metal 
chelating radical of formula Ilia, Illb, or IIIc to the remainder of 
the molecule; / 

-[(A)p]- coniprises a straight or branched chain of individual 
moieties that are the same or different and selected from the 
group coi/sisting of: -CH2-, -CHR3-, -CR4R5-, -CH=CH- 
, -CnJcRe- >CR7-CR8<, -C=C-, -CR9=CRi(^, -C=C-, - 
cycloalkylidene-, -cycloalkenyl-, -arylidene-, -heterocyclo-, 
carbon/ -(CO)-, -0-, -S-, -NH- -HC=N-, -CRu^N-, - 

/ I V V 

NR12Y, -CS-, I ' ^and 

p is an integer from 0 to 24; 
each -R"^ andZ-Ra through -R5 is independently -H, -alkyl, -alkoxy, - 
hydroxy, /cycloalkyl, -hydroxy alkyl, -aryl, or -heterocyclo, each of 
which is optionally substituted; 
each -R^ and -Ra through 'R12 is independently -H, -alkyl, -aryl, - 
cycloalkyl or -hydroxyalkyl, each of which is independently 
substituted; 

and all other groups are defined as in claim 35, 




Ilia Illb 

wherein 



IIIc 



Q is the group -(C(RR))m7-Y\c(RR))^2-(T-(C(RR))mJ)n-, 



wherein 

wl ^^2 
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radical -Ki of formulae Ilia, Illb, or IIIc is -[I 
or a pharmaceutically acceptable salt thereof. 
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pup is not directly bonded to more 
-R* group on the metal chelating 



41. The dendrimeric folate-receptor binding confposition of formulae IXa, IXb, IXc, 
and IXd of claim 36, wherein B is a metal-chelatipg ligand radical of formula V that is 
optionally chelated to a paramagnetic, superparamagnetic, radioactive or non-radioactive 
metal: 

R NH 

rA/ /V-r 



R*^^N 



N R* 



Gl / g2 



XRR))m2-(YMC(RR))m3)ni; 

^2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se- 



wherein 

-Q- is the group -(C(RR));„i-(Y')„ 

Y' and are each independently -Cl 

n and nl are each independently 0 or 1; and ml, m2 and m3 are independently 0 or 
an integer from 1 to 4; provided^ that ml and m2 are not both 0, that ml + m2 + 
n +nl is less than 6 and that a/carbon atom bearing an R group is not directly 
bonded to more than one heteroatom; 



each -R and -R* group is independently: -R'*; -alkoxy; -hydroxy; -halogen, 
especially fluoro. -haloalkyl/-OR^. -C(0)-R^. -C(0)-N(R5)2, -N(R^)2. -N(R^)- 

/alkyl-C(0)-N(R^)2. -alkyl-N(R^)2-. -alkyl-N(R^)- 
/1-C(0)-N(R^)2, aryl-N(R^)2-, -aryl-N(R^)-COR^, - 
brocyclo, -hydroxyalkyl, -alkoxyalkyl, -hydroxyaryl, 
{02-R^, or'-[R^]- ; 



COR^, -alkyl-C(0)-OR^ 
COR^, -aryl-C(0)-OR^. 
nitrile -acyl, -acyloxy, -I 
arylalkyl, -SOa-R^, -alkyl-^ 
wherein 

-[R^]- is a linking group -[(A)p]- that links the metal chelating ligand 
radical of formula V to the remainder of the molecule of formulae 
IXa, IXb, IKc, and IXd; 
wherein -[(Am]- comprises a straight or branched chain of individual 
moieties mat are the same or different and selected from the group 
consistin/of: -CH2-, -CHR3-, -CR4R5-, -CH=CH-, -CH=CR6-, 
>CR7-CR8<, -C=C-, -CR9=CRio-, -C^-, -cycloalkylidene-, - 
cycloal^enyl-, -arylidene-, -heterocyclo-, carbonyl (-CO-), -0-, -S-, 

— N- 



-NH-/ -HC=:N-, -CRii=N-, -NR,2- , (-CS-), 
and 



— c- 



— c— 
I 
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• / • 

p is an integer from 0 to 24; 

each -R"^ and -R3 through -R5 isy^ndependently -H, -alkyl, -alkoxy, 

hydroxy, -cycloalkyl, -hydro/yalkyl, -aryl, or -heterocyclo, each of 

which is optionally substituted; 
each -R^ and 'R6 through '^12 is independently -H, -alkyl, -aryl, - 

cycloalkyl or -hydroxjjalkyl, each of which is independently 

substituted; or 

two R groups, or an R group anfl an R* group, taken together with the one or 
more atoms to which they are bonded, form a saturated or unsaturated, 
spiro or fused, carbocyclii? (such as fused 1,2-phenyl) or heterocyclic ring 
which may be unsubstityted or substituted by one or more groups R or R* 
groups above; 

each -G^ and -G^ is ind^endently -OH or -(NR*^)2; with the proviso that at 
least one of -G^ -G^ is -(NR^)2, and each -R^ is independently - 
hydrogen, -alkyl, yaryl, -acyl or -[R ]-; 

and all other groups/are defined as in claim 80, 

with the provisos that a carbon atom bearing an -R group is not directly bonded 
to more than one heteroatom and that at least one -R , -R*, or -R^ group on 
the metal chemting radical -Ki of formula V is -[R ]-; 
or a pharmaceutically acceptable salt thereof. 

42. The diagnostic or radiotherapeutic composition of foraiula II of claim 2, wherein Ki 
is chelated to a radioactive, paramagnetic or superparamagjietic metal and K2 is other than 
-K3. 

43. The radiodi agnostic or radiotherapeutic compg^sition of claim 2 wherein both Ki and 
K5 of formula II are metal-chelating ligand radicals/that are chelated to a radioactive metal. 

44. The diagnostic composition of daim 2/for visualization of tissues that overexpress 
folate binding protein using Nuclear MeHjc^e imaging techniques, wherein either Ki, or 
both Kj and K5 is chelated to a radif^isojl^e of technetium, indium, copper, ruthenium, 
gallium or gadolinium. 

45. The diagnostic composition of dlaim 2 for visualization of tissues that overexpress 
folate binding protein using magnepc resonance imaging, wherein either Ki, or both Kj and 
K5 is chelated to a paramagnetic car superparamagnetic metal. 

46. The diagnostic composition of claim 2 for visualization of tissues that overexpress 
folate binding protein using^agnetic resonance imaging, wherein either Ki, or both Kj and 
K5 is chelated to gadolinur 

47. The diagnostic Composition of claim 2 for visualization of tissues that overexpress 
folate binding protem using magnetic resonance imaging, wherein Ki is chelated to a 
paramagnetic or superparamagnetic metal and K2 is other than -K3. 
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48. The diagnostic composition of claim 2 for use in Magnetic Resonance imaging 
applications, wherein said paramagnetic metal is selected from the group consisting of: 
chromium (III), manganese (II), iron (H), iron (HI), cobalty(n)> nickel (II), copper (II), 
praseodymium (EI), neodymium (HQ, samarium (EI), ga&olinium (EQ), terbium (HI), 
dysprosium (EI), holmium (M), erbium (HI) and ytterbium (If[). 

49. The diagnostic composition of claim 2, for visualization of tissues that overexpress 
folate binding protein using magnetic resonance imagpg, wherein Ki is chelated to 
gadolinium. 



50. The radiotherapeutic composition of claim 2( for radiotherapy of tissues that 
overexpress folate binding protein, wherein either Ki/ or both Ki and K5 is chelated to a 



radioisotope selected from the group consisting of '^''Samarium, '^^Holmium, 
^^^Dysprosium, ^^^Lead, *^^Rhenium, ^^^Rheniun/ ^^Yttrium, ^^Yttrium, ^'^Bismuth 
^^^Bismuth, ^'^Bismuth, and ^^"^Bismuth. 



51. The radiodiagnostic or radiotherapuetic composition of claim 2 wherein either Ki, 
or both Ki and K5 is a metal-chelating ligand radical of formula Ilia, Illb, IIIc, that can 
chelate to a radioactive isotope. 



NH 





Ilia 



R- 
R> 

R" 



R 



Illb 



R 



-R 
,R 

R 





IIIc 



wherein 



Q is the group -(C(RR))m;-Y'(C( 
wherein 



1 2 
Y and Y are indepj 

n is 0 or 1; and m 

to 4, provided 
all R and R* groiips 



0)m2-(Y^-(C(RR))m5)n-> 



ndently -CH2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
m2 and m3 are integers independently selected from 0 
at the sum of ml and m2 is greater than zero; 
are independently -R^ -CI, -F, -Br, -0R^ -COOR^ - 



C0N(R')2, -N(R')2, -alkyl-COOR^ -alkyl-C(O)-N(R02, -alkyl-N(R02, - 



^C(0)N(R )2. -aryl-N(R )2, acyl, acyloxy^ heterocyclo, 
/I -S02-R^, -alkyl-S02-R^, or -[R^]-; 



C(0)OR^ 
hydroxys 

wherein -[R*']- is a linking group -[(A)p]- that couples the metal 
chelating radical of formula Ilia, Illb, or IIIc to the remainder of 
the ijiolecule; 
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-[(A)p]- comprises a straight or branched chain of individual 
moieties that are the same or ilifferent and selected from the 
group consisting of: -CH2- /-CHR3-, -CR4R5-, -CH=CH- 

, -CH=CR6-, >CR7-CR8<( -C=C-, -CR9=CRio-, -(=C-, - 
cycloalkylidene-, -cycloalkenyl-, -arylidene-, -heterocyclo-, 
carbonyl -(CO)-, -0-, /s-, -NH- -HC=N- -CRu=N-. - 



V 

■N- 



and 



NR,2-, -CS-, 
p is an integer from 0 to 24/ 
each -R"* and -R3 through -R5 il independently -H, -alkyl, -alkoxy, - 
hydroxy, -cycloalkyl, -hydroxy alkyl, -aryl, or -heterocyclo, each of 
which is optionally substituted; 
each -R^ and -R6 through 'RI2 is independently -H, -alkyl, -aryl, - 
cycloalkyl or -hydroxya^Jcyl, each of which is independently 
substituted; 

and all other groups are definfed as in claim 35, 
with the provisos that a carbon atom bearing an -R group is not directly bonded to more 
than one heteroatom; and that at leastyone -R or -R* group on the metal chelating 
radical -Ki of formulae Ilia, Illb, or ^IIc is -[R^]- 
or a pharmaceutically acceptable salt thereof/ 



52. A diagnostic or radiotherape 
K5 are metal chelating ligand radical^ 



R*: 



composition of claim 2 wherein Ki, or both Ki and 
^f formula V that are chelated to radioactive metals 



HN 



N R* 



wherein 

-Q- is the group -(C(RR^)^i-(Y^)„ -(C(RR));„2 -(Y'-(C(RR))m3)nl ; 

and are each independently -CH2-, -NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
n and nl are each independently 0 or 1; and ml, m2 and m3 are independently 0 or 

an integer from 1 ko 4; provided that ml and m2 are not both 0, that ml + m2 + 

n +nl is less thaiy 6 and that a carbon atom bearing an R group is not directly 

bonded to more than one heteroatom; 



each -R and -Ry group is independently: -R ; -alkoxy; -hydroxy; -halogen, 
especially flucfro^ -haloalkyl, -OR^, -C(0)-R^, -C(0)-N(R^)2, -N(R^)2, -N(R^)- 
COR^, -alky/-C(0)-OR^^ -alkyl-C(0)-N(R^)2, -alkyl-N(R^)2-, -alkyl-N(R^)- 
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C0R\ -aryl-C(0)-OR^ -aryl-C(0)-N(R^)2, aryl-N(R^)2-. -aryl-N(R^)-COR^ - 
nitrile, -acyl, -acyloxy, -heterocyclo, -hydroxyalkyl, -alkoxyalkyl, -hydroxyaryl, 
arylalkyl^ -Sb2-R^ -alkyl-SOa-R^, or -[R^]- / ' 



wherein / 

-[R^]- is a linking group "[(A)p]/ that links the metal chelating ligand 
radical of formula V to the remainder of the molecule of formulae 
Vna through VHd; / 

wherein -[(A)p]- comprises a Straight or branched chain of individual 
moieties that are the same/ or different and selected from the group 
consisting of: -CH2-, -CHR3-, -CR4R5-, -CH=CH-, -CH=CR6-, 
>CR7-CR8<, -C=C-, -GR9=CRio-, -C^C-, -cycloalkylidene-, - 
cycloalkenyl-, -arylidene-/ -heterocyclo-, carbonyl (-CO-), -0-, -S-, 

/ J 
-NH- -HC=N-, -Cr/i=N-, -NR,2- , (-CS-), V" ^ . ^ , 

and / 

p is an integer from 0 to 24; 

each -R'^ and -R3 through -R5 is independently -H, -alkyl, -alkoxy, - 

hydroxy, -cycloalkyK -hydroxy alkyl, -aryl, or -heterocyclo, each of 

which is optionallyysubstituted; 
each -R^ and "Ra through "Rn is independently -H, -alkyl, -aryl, - 

cycloalkyl or\ -My droxy alkyl, each of which is independently 

substituted; or Y 

two R groups, or an^ g/o\in/and an R* group, taken together with the one or 
more atoms to v/l^hm&y are bonded, form a saturated or unsaturated, 
spiro or fused, carrao^cliis (such as fused 1,2-phenyl) or heterocyclic ring 
which may be unsuftistituted or substituted by one or more groups R or R* 
groups above; / Vi 

each -G' and -G^ is indq)endently -OH or -(NR^)2; with the proviso that at 
least one of -G' or -G^ is -(NR^)2, and each -R^ is independently - 
hydrogen, -alkyl, -aryl, -acyl or-[R^]-; 
with the proviso thayat least one -R , -R*, or -R^ group is -[R^ ]-; 



or a pharmaceutically acceptable salt thereof. 

53. The diagnostic composition of claim 46, wherein either Ki, or both Ki and K5 is a 
metal-chelating ligand raaical of formula VI, that is chelated to a paramagnetic or 
superparamagnetic metal / 
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VI/ 

wherein / 
n is 0 or 1 ; / 
each m, o, and p is independently 1 or 2; 
Q is -[C(R')(R'0]s,-[C(t)(R2 A^^^ 
wherein / 
si, s2, s3, and s4 are independently 0 to 2; 
Y is a single bond, -C(R/25)(R26)-» or Yl wherein, 
Yl is -C(=X5)-X6-W-/ wherein 

W is a single bond/ -alkylidene-, -cycloalkylidene-, -arylidene-, - 
alkenylidene-, or -alkynylidene-, whose carbon atoms may or may 
not be substituted; 
t is H, R27, -C(0)Or48, -P(0)(0R29))0H, -P(0)(OR30))OR31, 
-P(0)(OR32)R33, y(0)(OH)R34 -C(0)N(R35)(R36), or C(0)NH(R37); 
each G is indeUiW^ -C(0)OR'", -P(0)(OR'")OH, -P(0)(0R"')2, 
-P(O)(OR"0R"\yi^^ C(O)N(R"02. or C(O)NH(R"0; 
each -R' and -R" & independently a single bond, -H, -alkyl, -alkoxy, - 
cycloalkyl, hydroMdfcyl, -aryl, or -heterocyclo, each of which is optionally 
substituted, / \ \ 
each -R'" is indenendehtly a -H, -alkyl, -cycloalkyl, -hydroxy alkyl, -aryl, or - 
heterocyclo, each of which is optionally substituted, 
each -Ri3 through /R23, and -R25 through -R27 is independently -H, -alkyl, - 
alkoxy, -halogpn, -hydroxy, -cycloalkyl, -hydroxyalkyl, aryl, or -heterocyclo, 
each of whicly is optionally substituted; 
each -R24, and/-R28 through -R37 is independently -H, -alkyl, -alkenyl, - 
cycloalkyl, /-aryl, a 5- or 6-membered nitrogen or oxygen containing 
heterocycla each of which is optionally substituted; 
Rl3 together with R15, and R17 together with Rig, independently form, together 
with the carWon atoms in the polyazamacrocycle to which they are attached, a 
fused fully or partially saturated non-aromatic cyclohexyl ring which may be 
unsubstituted or substituted by one or more halogen, alkyl, ether, hydroxy, or 
hydroxyalkyl groups, and which may be further fused to a carbocyclic ring, or 
Rl3 and K15 are each hydrogen and R17, together with Rig, forms a fused fully 
or partially saturated non-aromatic cyclohexyl ring as defined above, or R13, 
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together with R15, forms a fiised fiilly or partially saturated non-aromatic 
cyclohexyl ring as defined above, and R17 and^lg are hydrogen; 
or a pharmaceutically acceptable salt thereof. 

54. A composition for radiographic imaging or r^iotherapy in a kit form comprising 

a) a ligand of formula 11 in claim 2; 

b) a pharmaceutically acceptable reducii)§ agent; and 

c) an optional buffering agent; 
in a lyophilized form. 

55. A method for diagnostic imaging compmsing the steps of: 

a) administering to a host the composition of claim 2 wherein Ki is chelated to a 
radioactive, paramagnetic or superparamagnetic metal and K2 is other than - K3; and 

b) obtaining a diagnostic image of said host using Nuclear Medicine or Magnetic 
Resonance imaging techniques. 

56. A method for diagnostic imaging comprising the steps of: 

a) administering to a host a composition of claim 2 wherein both Ki and K5 are 
chelated to a radioactive, paramagnetic or superparamagnetic metal; and 

b) obtaining a diagnostic ii^age of said host using Nuclear Medicine or Magnetic 
Resonance imaging techniques. 

57. A method for radiotherapy (Comprising the steps of: administering to a host in need 
thereof the composition of cl^ihj f wherein Ki or both Ki and K5 are chelated to an alpha 
or beta emitting radioisotop^. 

58. A method for radiotherapy comprising the steps of: administering to a host in need 
thereof the composition of cl^rayZ w^jerein Ki is chelated to an alpha- or beta- emitting 
radioisotope and K2 is other tnanv K3. 

59. The diagnostic or /adiotherapeutic composition of claim 1 wherein the folate 
receptor binding moiety is /conjugated to the remainder of the molecule through the alpha 
carboxylate of its glutamate residue. 

60. A composition for radiographic imaging or radiotherapy in a kit form comprising 

a) a folate receptor binding ligand of formula II in claim 2; 

b) a phmnaceutically acceptable reducing agent; and 

c) an optional buffering agent; 
in a lyophilized form. 

61. The methocyof use for the diagnostic, therapeutic or radiotherapeutic composition of 
claim 2, comprising coinjection of : 

a) a folate-receptor binding ligand comprised of one or more folate-receptor binding 
residues conjugated to one or more macrocyclic or non-macrocyclic metal- 
chelatingf ligands which are chelated to a radioactive or non-radioactive metal 
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capable of either being detected outside the body /fey imaging means for diagnosis or 
capable of providing a therapeutic or radiotherapeutic effect; and 
b) an unmetallated derivative of said folate-recepror binding ligand, administered at a 
dose level sufficient to affect the resulting bioaistribution of the composition. 

62. A method for neutron capture radiotherapy in a host in need thereof, comprising 
administering to said host the composition of claim 2 chelated to gadolinium, and after 
localization in the desired tissues, irradiating the tissues with neutrons to achieve emission 
of Auger electrons by the gadolinium to the extent that the desired tissue is damaged. 

63. The diagnostic or radiodiagnostic method of claim 55 wherein said image is of 
tumors or tissues that overexpress folate binding protein. 

64. The diagnostic or radiodiagnostic method of claim 55 wherein said image is of the 
kidneys of said host. / 

65. The diagnostic or radiodiagnostic method of claim 55 wherein said image is of the 
hepatobiliary system of said host. / 

66. The diagnostic or radiodiagnostic method of claim 56 wherein said image is of 
tumors or tissues that overexpr^^fplate binding protein. 

67. The diagnostic or radipaiagnostic method of claim 56 wherein said image is of the 
kidneys of said host. \ \ / 

68. The diagnostic or radioomgnosti^ method of claim 56 wherein said image is of the 
hepatobiliary or gastrointestinal system of said host. 

69. The diagnostic con^osition of formula Vila, Vllb, VIIc, or Vlld of claim 29, 
wherein Wi contains metal chelating ligands that are chelated to a paramagnetic or 
superparamagnetic metal. / 

70. The diagnostic dbmposition of formula Vila, Vllb, VIIc, or Vlld of claim 29, 
wherein both Wi ana W2 contains metal chelating ligands that are chelated to a 
paramagnetic or superparamagnetic metal. 

71. The radiodiagnostic or radiotherapeutic composition of formula Vila - Vlld of 
claim 29 wherein Wi contains metal-chelating ligands that are chelated to a radioactive 
metal. / 

72. The radiodiagnostic or radiotherapeutic composition of formula Vila - Vlld of 
claim 29 wherein both Wi and W2 contain metal-chelating ligands that are chelated to a 
radioactive metal. 




134 



10 




Attorn 



ket No. RA-70 Div n 



73. The diagnostic composition of formula Vila - Vila of claim 29 for visualization of 
tissues that overexpress folate binding protein using Nuclear Medicine imaging techniques, 
wherein either Wi, W2 or both Wi and W2 contain nifetal-chelating ligands chelated to a 
radioisotope of technetium, indium, copper, ruthenium/ gallium or gadolinium. 

74. The diagnostic composition of formula Vila A Vlld of claim 29 for visualization of 
tissues that overexpress folate binding protein usine magnetic resonance imaging, wherein 
either Wi, W2 or both Wi and W2 contain /metal-chelating ligands chelated to a 
paramagnetic or superparamagnetic metal. 

75. The diagnostic composition of claim 74/wherein either Wi, W2 or both Wi and W2 
contain metal-chelating ligands that are chelatea to gadolinum. 



76. The diagnostic composition of claimy74 for visualization of tissues that overexpress 
15 folate binding protein using magnetic re/onance imaging, wherein Wi contains metal 
chelating ligands that are chelated to paran/agnetic or superparamagnetic metals. 



^ 20 



25 



77. The diagnostic composition of cflaim 74 for use in Magnetic Resonance imaging 
applications, wherein said paramagneuc metal is selected from the group consisting of: 
chromium (III), manganese (II), iron/(II), iron (DI), cobalt (II), nickel (II), copper (II), 
praseodymium (HI), neodymium (m), samarium (HI), gadolinium (EI), terbium (EI), 
dysprosium (EI), holmium (HI), fiteium (IE) and ytterbium (EI). 

78. The diagnostic composmoiy of claim 74 for visualization of tissues that overexpress 
folate binding protein using i^3gnet^9/ resonance imaging, wherein Ki is chelated to 
gadolinium. 



nil 



79. The radiotherapeutic ccimTOsition of claim 72 for radiotherapy of tissues that 
overexpress folate binding prptein,\vherein either Wi, W2 or both Wi and W2 contain 
30 metal-chelating ligands that /are chelated to a radioisotope selected from the group 
consisting of ^^^Samarium, THolmium, ^^^Dysprosium, ^^^Lead, ^^^Rhenium, '^^Rhenium, 
^^Yttrium, ^Vttrium, ^^^BisiAuth ^^^Bismuth, ^^^Bismuth, and ^^^Bismuth. 



80. The radiodiagnostic or radiotherapeutic composition of claim 72 wherein either Wi, 
35 W2 or both Wi and W2 cpntain a metal-chelating ligand radical of formula Ilia, Illb, or 
IIIc, that can chelate to aA-adioactive isotope, 



NH NH 



R*^N 



OH OH 
Ilia 



-R 



R 
R 

R 




R 



H 



R 



Illb 



R 






R 









IIIc 
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81. A diagnostic or radiotherapeutic composition of claAn 29 wherein Wi, W2 or both 
Wi and W2 contain metal chelating ligands of formula V ^at are chelated to a radioactive 
metal, 



r 

R NH 



R*^^N 



Gl 



HN 



I 



R* 



wherein 

Q is the group -(C(RR));nl-(Y')n -(C(RR>^;n2 -(Y2.(C(RR));n3)ni; 

and are each independently -CH2-y-NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
n and nl are each independently 0 or lyand ml, m2 and m3 are independently 0 or 

an integer from 1 to 4; provided thM ml and m2 are not both 0, that ml + m2 + 

n +nl is less than 6 and that a carbon atom bearing an R group is not directly 

bonded to more than one heteroa/om; 



each R and R* group is independently: -H, -R"^; -alkoxy; -hydroxy; -halogen, 
especially fluoro, -haloalkyl /oR^ -C(0)-R^, -C(0)-N(R^)2. -N(R^) 2, -N(R^)- 
COR^. -alkyl-C(0)-OR^^ -Alkyl-C(0)-N(R^)2, -alkyl-N(R^)2-. -alkyl-N(R^)- 
COR^ -aryl-C(0)-OR^ -ai/yi-C(0)-N(R^)2. aryl-N(R^)2-. -aryl-N(R^)-COR^, - 
nitrile, -acyl, -acyloxy, -he/erocyclo, -hydroxyalkyl, -alkoxyalkyl^ -hydroxyaryl, - 
arylalkyl, -sb2-R^ -alkyl-^SOz-R^ or -[R^ ]-; 

wherein 

each -[R"^ ]- is, in its entirety, the linking group -[(A)p*]- that serves to couple 

the metal chelatingAigand radical -K5 to -X-; 
each -R"^ is independently -H, -alkyl, -alkoxy, -hydroxy, -cycloalkyl, - 

hydroxyalkyl, -arvl, or -heterocyclo, each of which is optionally substituted; 
each -R^ is independently -H, -alkyl, -aryl, -cycloalkyl or -hydroxyalkyl, each of 

which is independently substituted; 



or 



two R groups, or an R group and an R* group, taken together with the one or more 
atoms to which tney are bonded, form a saturated or unsaturated, spiro or fused, 
carbocyclic (suc/h as fused 1,2-phenyl) or heterocyclic ring which may be 
unsubstituted oy substituted by one or more groups R or R* groups above; 

each -G^ and -G^ is independently -OH or -(NR^)2; with the proviso that at least one 
of -G* or -GVis -(NR^)2, where each -R^ is independently -hydrogen, -alkyl, - 
aryl, -acyl or/-[R^ ]-; and 

A is a linking group; and p is 0 or a positive integer; 
with the proviso that at one to three -R , -R*, or -R^ groups is -[R^ ]-; 
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or a pharmaceutically acceptable salt thereof. 



82. The diagnostic composition of claim 29, wherein either Wi, W2 or both Wj and W2 
contain metal-chelating ligands of fbjpnula VI that are chelated to a paramagnetic or 
superparamagnetic metal, 



Pl9 '?20 



-N 



/(CRR")„-G 



*^r-R 



13 



G-(R"R'C)j 



/-Ri5 



wherein 



^14 ''le 
VI 



n is 0 or 1 ; 

each m, o, and p is independently 1 or 2; 
-Q- is -[C(R')(R'0],r[c/t)(R2i)]s2--[C(R22)(R23)]s3-X3-Y.^^^ 

wherein 

si, s2, s3, and sA are independently 0 to 2; 

X3, X4, X5, arm X6 are independently a single bond, -0-, -S-, or - 

N(R24)-; 

Y is a single bond,/-C(R25)(R26)-. or Yl 
whereiri Yl is -C(=X5)-X6-W-, 

/herein W is a single bond, -alkylidene-, -cycloalkylidene-, - 

^lidene-, -alkenylidene-, or -alkynylidene-, whose carbon 
^toms may or may not be substituted; 

t is -H, -R27. -C(0)OR28, -P(0)(OR29))OH, - 
P(O)(OR30))OR3l, -P(0)(OR32)R33, -P(0)(OH)R34 - 

C(0)N(R35)(R36). or C(0)NH(R37); 
each G is independently -C(0)OR'", -P(0)(OR'")OH, - 
P(0)(0R"')2, -P(0)(OR")R"', -P(0)(OH)R" 
C(0)N(R"')2, or C(0)NH(R'"); 
each -R' anfd -R" is independently a single bond, -H, -alkyl, -aikoxy, - 
cycloalkyl, -hydroxy alkyl, -aryl, or -heterocyclo, each of which is 
option^y substituted, 
each -R'" is independently a -H, -alkyl, -cycloalkyl, -hydroxyalkyl, -aryl, or - 

heterocyclo, each of which is optionally substituted, 
each -Ria/through -R23, and R25 through -R27 is independently -H, -alkyl, - 
alko^, -halogen, -hydroxy, -cycloalkyl, -hydroxyalkyl, -aryl, or - 
heterocyclo, each of which is optionally substituted; 
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each -R24, and -R28 through -R37 is independently -H, -alkyl, -alkenyl, - 
cycloalkyl, -aryl, or a |5- or 6-membered nitrogen or oxygen containing 
heterocycle, each of which is optionally substituted; 
or Ri3 together with R15, and R17 together with Rig, independently form, together with 
the carbon atoms in the poly-aza macrocycle to which they are attached, a fused fully or 
partially saturated non-aromatic/ cyclohexyl ring which may be unsubstituted or 
substituted by one or more halogen, alkyl, ether, hydroxy, or hydroxyalkyl groups, and 
which may be further fused to a carbocyclic ring, or R13 and R15 are each hydrogen 
and Ri7, together with Rig, forms a fused fully or partially saturated non-aromatic 
cyclohexyl ring as defined above, or R13, together with R15, forms a fused fully or 
partially saturated non-aromatic cyclohexyl ring as defined above, and R17 and Rig are 

hydrogen; / 
or a pharmaceutically acceptable/salt thereof. 

83. A composition for radiographic imaging or radiotherapy in a kit form comprising 

a) a ligand of formula Vlla-VIId in claim 29; 

b) a pharmaceutically acceptable reducing agent/ and 

c) an optional buffering agent; 
in a lyophilized form. 

84. A method for diagnostic imaging comprising the steps of: administering to a host 
the composition of claim 29 wherein Wi contaj^s a metal chelate that is chelated to a 
radioactive, paramagnetic or superparamagnetic /metal; and obtaining a diagnostic image of 
said host using Nuclear Medicine or Magnetic Resonance imaging techniques. 

85. A method for diagnostic imaging comprising the steps of: administering to a host a 
composition of claim 29 wherein both W] And W2 contains a metal chelate that is chelated 
to a radioactive, paramagnetic or /sitoeiparamagnetic metal; and obtaining a diagnostic 
image of said host using Nuclear Mediant or Magnetic Resonance imaging techniques. 

86. A method for radiotherapy comprifeing the steps of: administering to a host in need 
thereof the composition of claim 2J> wherein Wi or both Wi and W2 contain macrocyclic 
ligands that are chelated to an alpha or^beta emitting radioisotope. 

87. A method for radiotherapy comprising the steps of: administering to a host in need 
thereof the composition of claim 29 wherein Wi contains macrocyclic ligands that are 
chelated to an alpha or beta emitting radioisotope. 

88. The diagnostic or/radiotherapeutic composition of claim 29 wherein the folate 
receptor binding moiety is conjugated to the remainder of the molecule through the alpha 
carboxylate of its glutamate residue. 

89. The method of/use for the diagnostic, therapeutic or radio therapeutic composition of 
claim 29, comprising/coinjection of : 
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a) a folate-receptor binding ligand comprised of one or more folate-receptor 
binding residues conjugated to one or more macrocyclic or non-macrocyclic 
metal-chelating ligands which are chelated to i radioactive or non-radioactive 
metal capable of either being detected outside the body by imaging means for 

5 diagnosis or capable of providing a therapeutic or radiotherapeutic effect; and 

b) an unmetallated derivative of said folate-receptor binding ligand, administered 
at a dose level sufficient to affect the resuming biodistribution of the 
composition. 

10 90. A method for neutron capture radiotherapy in a host in need thereof, comprising 
administering to said host the composition of formula Vlla-VIId of claim 29 wherein the 
metal chelating ligands in Wi, W2 or Wi and w/ are chelated to gadolinium, and after 
localization of said compound in the desired tissues, irradiating the tissues with neutrons to 
achieve emission of Auger electrons by the gadol/nium to the extent that the desired tissue 

15 is damaged. 

91. The diagnostic or radiodiagnostic method of claim 84 wherein said image is of 
tumors or tissues that overexpress folate binding protein. 

20 92. The diagnostic or radiodiagnostic mphod of claim 84 wherein said image is of the 
kidneys of said host. 

93. The diagnostic or radiodiagn()^[fi^^ethod of claim 84 wherein said image is of the 
hepatobiliary system of said host. 

25 

94. The diagnostic or radiodiagno^trc method of claim 85 wherein said image is of 
tumors or tissues that overexpress folate^inding protein. 

95. The diagnostic or radiodiagnostic method of claim 85 wherein said image is of the 
30 kidneys of said host. 

96. The diagnostic or radiodiagnostic method of claim 85 wherein said image is of the 
hepatobiliary system of said hoit. 

35 97. A method for diagnostic imaging comprising the steps of: administering to a host 
the diagnostic composition /of claim 29 comprising dendrimeric conjugates of formulae 
Vila, Vllb, VIIc, or Vlldu wherein W] contains metal chelating ligands that are chelated 
to a radioactive gamma-emtting metal, and obtaining a radiodiagnostic image of said host. 

40 98. The diagnostic obmposition of formulae IXa, IXb, IXc, or IXd of claim 36 
containing metal chelatiylg ligands that are chelated to a paramagnetic or superparamagnetic 
metal. 
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99. The diagnostic/composition of formula IXa, IXb, IXc, or IXd of claim 98 wherein 
the folate receptor binding residues are chelated to the remainder of the molecule only 
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through the alpha carboxylate residue. 
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100. The diagnostic composition of formula EXa, Kb, IXc, or IXd of claim 36 for 
visualization of tissues that overexpress folate binding protein using Nuclear Medicine 
imaging techniques, wherein said compounds contain macrocyclic metal-chelating ligands 
chelated to a radioisotope of technetium, indjdm, copper, ruthenium, gallium or 
gadolinium. 

101. The diagnostic composition of formula AXa, IXb, IXc, or IXd of claim 36 for 
visualization of tissues that overexpress folate /binding protein using magnetic resonance 
imaging, wherein the folate-receptor binding residue is conjugated to the remainder of the 
molecule via its alpha carboxylate moiety, and the compound contains macrocyclic metal- 
chelating ligands chelated to a paramagnetic fx superparamagnetic metal. 

102. The diagnostic composition of /claim 101 for visualization of tissues that 
overexpress folate binding protein usingymagnetic resonance imaging wherein, either Wj, 
W2 or both Wi and W2 contain metal-chdating ligands that are chelated to gadolinum. 

103. The diagnostic composition M claim 101 for use in Magnetic Resonance imaging 
applications, wherein said paramagnetic metal is selected from the group consisting of: 
chromium (HI), manganese (II), iron (II), iron (HI), cobalt (II), nickel (II), copper (II), 
praseodymium (DI), neodymium /ni), samarium (III), gadoUnium (HI), terbium (IE), 
dysprosium (EI), holmium (EH), erbium (HI) and ytterbium (EQ). 

104. The radiotherapeutic composition of claim 36 for radiotherapy of tissues that 
overexpress folate binding 6h?tein, containing metal-chelating ligands that are chelated to a 
radioisotope selected fr^Xthe group consisting of '^^Samarium, ^^^Holmium, 

' fRH6nium, ^^^Rhenium, ^^Yttrium, ^^Yttrium, ^'*Bismuth 
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Dysprosium, Lead, 
^^^Bismuth, ^^^Bismuth, andy 



Jiskiuth. 



105. The radiodiagnostic or r^iotherapeutic composition of claim 36, wherein the metal- 
chelating ligand is a radical of formula Ilia, Illb, or IIIc. 



NH 



)H 



R 





R 



N 



Ilia 



Illb 



R 






R 


■3 




R 











IIIc 



106. The radij&diagnostic or radiotherapeutic composition of claim 36 wherein the metal- 
chelating ligang is a radical of formula V that is chelated to a radioactive metal, 
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NH HN 



N' 
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wherein 

-Q. is the group -(C(RR))ml<Y\ <C{Rk))m2 -(Y^-(C(RR))^3)nl ; 

and are each independently -CH2-,/-NR-, -0-, -S-, -SO-, -SO2- or -Se-; 
n and nl are each independently 0 or 1; ind ml, m2 and m3 are independently 0 or 

an integer from 1 to 4; provided thai ml and m2 are not both 0, that ml + m2 + 

n +nl is less than 6 and that a carbon atom bearing an R group is not directly 

bonded to more than one heteroatom; 



each -R and -R* group is independently: -R ; -alkoxy; -hydroxy; -halogen, 



especially fluoro, -haloalkyl, /OR , -C(0)-R^ -C(0)-N(R^)2, 



-N(R')2, -N(R')- 



lkyl-C(0)-N(R^)2, -alkyl-N(R02-, -alkyl-N(RO- 
;^1-C(0)-N(R^)2, aryl-N(R^)2-, -aryl-N(R^)-COR^ - 
terocyclo, -hydroxyalkyl, -alkoxyalkyl^ -hydroxyaryl, 
502-R^ or'-[R^]- ; 



COR^, -alkyl-C(0)-OR^, 
COR^. -aryl-C(0)-OR^^ - 
nitrile, -acyl, -acyloxy^ -he 
arylalkyl, -sb2-R^ -alkyl- 
wherein 

-[R*^]- is a linking group -[(A)p]- that links the metal chelating ligand 
radical joiNiormula V to the remainder of the molecule of formulae 
Vll^thloi/U Vlld; 
wherein \[v^)pX comprises a straight or branched chain of individual 
moietiesAtbat are the same or different and selected from the group 
consistiMof: -CH2-, -CHR3-, -CR4R5-. -CH=CH-, -CH^CR^-, 
>CR7-CR8<, -C=C-, -CR9=CRio-, -C=C-, -cycloalkylidene-, - 
cyclojQkenyl-, -arylidene-, -heterocyclo-, carbonyl (-CO-), -0-, -S-, 

I " 



-N^-, -HC=N-, -CRii=N-, -NR,2- 
anc 



(-CS-), 



-N- 



two 



p is an integer from 0 to 24; 

eachZ-R"^ and -R3 through -R5 is independently -H, -alkyl, -alkoxy, - 
hydroxy, -cycloalkyl, -hydroxyalkyl, -aryl, or -heterocyclo, each of 
/hich is optionally substituted; 
ea/h -R^ and ■R6 through *Ri2 is independently -H, -alkyl, -aryl, - 
cycloalkyl or -hydroxyalkyl, each of which is independently 
substituted; or 

groups, or an R group and an R* group, taken together with the one or 
\ore atoms to which they are bonded, form a saturated or unsaturated. 
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spiro or fused, carbocyclic (such as fusdd 1,2-phenyl) or heterocyclic ring 
which may be unsubstituted or substit)!ited by one or more groups R or R* 
groups above; 

each -G^ and -G^ is independently -OU or -(NR°)2; with the proviso that at 
least one of -G^ or -G^ is -(NRr)2, and each -R^ is independently 



hydrogen, -alkyl, -aryl, -acyl or -FR ]- 



with the proviso that at least one -R , 
or a pharmaceutically acceptable salt thereof. 



^or -R'' group is -[R' ]-; 



107. The diagnostic composition of claim 3fe wherein the metal-chelating ligand is a 
radical of formula VI that is chelated to a paranaagnetic or superparamagnetic metal. 



108. A composition for radiographic imagirig or radiotherapy in a kit form comprising 

a) a ligand of formula IXa - IXd in claim 36; 

b) a pharmaceutically acceptable yeducing agent; and 

c) an optional buffering agent; 
in a lyophilized form. 

109. A method for diagnostic imagine^ comprising the steps of: administering to a host 
the composition of claim 108 wherein ysaid ligand of formula IXa - IXd is chelated to a 
radioactive, paramagnetic or superparamagnetic metal; and obtaining a diagnostic image of 
said host using Nuclear Medicine or Magnetic Resonance imaging techniques. 



110. A method for radiotherapy 
composition of formula IXa - IX< 
ligands that are chelated to an 
bring about a beneficial effect. 

111. A method for radiotheJ 
thereof the composition of els 
chelated to an alpha or beta eniit> 



/omprising the steps of: administering to a host the 
of claim 36 containing macrocyclic metal chelating 
or beta emitting radioisotope, in sufficient amount to 



Arising the steps of: administering to a host in need 
3^wherein Wi contains macrocyclic ligands that are 
radioisotope. 



112. The use of diagnostic or rMiotherapeutic composition of claim 36 for magnetic 
resonance imaging, wherein /the folate receptor binding moieties in said compound are 
conjugated to the remainder ^f the molecule through the alpha carboxylate of its glutamate 
residue. 



1 13. The method of use for the diagnostic, therapeutic or radiotherapeutic composition of 
claim 36 comprising: coiniection of : 

a) a folate-recjbptor binding ligand comprised of one or more folate-receptor 
binding residues conjugated to one or more macrocyclic or non-macrocyclic 
metal-chelating ligands which are chelated to a radioactive or non-radioactive 
metal capible of either being detected outside the body by imaging means for 
diagnosis/or capable of providing a therapeutic or radiotherapeutic effect; and 

b) an unmeyallated derivative of said folate-receptor binding ligand. 
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administered at a dose level sufficient to affect^he resulting biodistribution of 
the composition. 

1 14. A method for neutron capture radiotherapy in a hfost in need thereof, comprising 
administering to said host the composition of formulae I^a-IXd of claim 36 wherein the 
metal chelating ligands are chelated to gadolinium, and arter localization of said compound 
in the desired tissues, irradiating the tissues with neutrons to achieve emission of Auger 
electrons by the gadolinium to the extent that the desirea tissue is damaged. 

115. The diagnostic or radiodiagnostic method of claim 109 wherein said image is of 
tumors or tissues that overexpress folate binding protein. 

1 16. The diagnostic or radiodiagnostic method of/claim 109 wherein said image is of the 
kidneys of said host. 

117. The diagnostic or radiodiagnostic method yof claim 109 wherein said image is of the 
hepatobiliary system of said host. 

118. The composition of claim 1 for chemothS^rapy comprising: a derivative of folic acid 
coupled to a cancer therapy drug through th^ alpha carboxylate of folic acid, or coupled 
through both the alpha and gamma carboplates of folic acid, in a pharmaceutically 
acceptable carrier. 

119. A composition for therapy or rad^Atraerapy of tissues or organs that overexpress 
folate-binding protein comprising a folatevreceptor binding derivative of folic acid 
comprising one or more folic acid derivatjAp, arJeast one of which is conjugated through 
its alpha carboxylate via an optional linlqng\group\to a chemotherapeutic drug, in a 
pharmaceutically acceptable carrier. 

120. A composition of claim 1 for c|/(emotherapy comprising: 

a) a metal chelating ligand; 

b) a radioactive metal chelated by said ligand; 

c) a chemotherapy drug coupled to said ligand said complex coupled to 

d) a derivative of folic acid/through its alpha carboxylate or through both the alpha 
and gamma carboxylate of folic acid, in 

e) a pharmaceutically acceptable carrier. 

121. A composition of claim/l for radiographic imaging or radiotherapy in a kit form 
comprising 

a) a folate receptor-b/nding analog of folate coupled through either the alpha 
carboxylate of foli/ acid or through both the alpha and gamma carboxylates of 
folic acid to; 

b) a metal chelatingAigand for complexation with a radioisotope; 

c) a pharmaceutically acceptable reducing agent; and 

d) a buffering agent; 
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in a lyophilized form. 

122. The diagnostic composition of claim 18 for visualization of tissues that overexpress 
folate binding protein using magnetic resonance imaging, wherein K5 is chelated to 
gadolinium. 

123. A method for diagnostic imaging comprising me steps of: adnfiinistering to a host 
the composition of claim 18 wherein said ligand is cnelated to gadolinium; and obtaining a 
diagnostic image using Magnetic Resonance imaging techniques. 

124. An intermediates useful for the preparation of the compounds of claim 1 selected 
from the group consisting of: 

Methyl 3-azido-2-hydroxypropionate; 
Methyl 3-azido-2-trifluoromethanesulf6nyloxypropionate; 

Tris-t-butyl N 1 2-(3-azido-2-meth9xycarbonyl- 1 -ethyl)- 1 ,4,7, 1 0-tetraazacyclo- 
dodecane- 1 ,4,7-tricarboxylate; 

Tris-t-butyl N- 12-(3-amino-2;4;Qet)4oxycarbonyl- 1 -ethyl)- 1 ,4,7, 10-tetraazacyclo- 
dodecane- 1 ,4,7-tricarboxylate: 

3-Aniino-[l,5-bis(benzyloxycai^o^;^)-3-[2-(benzyloxycarbonyl)ethyl]penta^^ 
and 

N-[ 1 ,5-Bis[benzyloxycarbonyl)-3)^(b\nzyloxycarbonyl)ethyl)]-3-pentyl]- 
butanedioic monoamide. 



125. The intermediate 12-Amino-3(3,9,9-tetramethyl-5-oxa-4,8-diaza-2, 10-dodecane- 
dione dioxime, useful for the preparation of compounds of claim 1 having the structure: 




126. The intermediate N-[l,5-Bis(benzyloxycarbonyl)-3-[2-(benzyloxycarbony)-ethyl)]- 
3-pentyl]-N'-[l,7-bis-(t-butoxy(^bony)amino-[4-(3-(t-butyloxycarbonyl)prop 
heptyl]butanedioic diamide, useful for the preparation of compounds of claim 35 having the 
structure: 



BocH^ 

BocHN- 



Bocf 



CG^Bn 



iCOCH2CH2COHN 




127. The intermediate/Tris-t-butyl N-12-(3-amino-2-methoxycarbonyl-l-ethyl)-1.4,7,10- 
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tetracyclododecane-l,4,7-tricarboxylate useful for i^t preparation of compounds of claim 
28, having the structure: 



t-BuOOC 
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